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I NTRODUCT I ON 

The indus t r i a l  s e c t o r  i s  the l ar ge s t  ene r gy c on s umin g  s e c t o r  in 
the Un i t e d  S t a te s . I t  a c coun t s  f o r  app r ox ima t e l y  33 p e r cent o f  the 
Nat i on's ene r gy con s ump t ion o r  a t o t a l  o f  s ome 2 4.3 quadr i l l i on B r i­
t i s h  The rma l Un i t s  (BT U's ) (equivalent  t o  1 2 .5 mi l l i on b ar r e l s o f  
o i l  da i ly)  in 1 9 7 2 .* F ig ure 1 show s  the h i s t o r i c a l  t r en d  o f  t he in­
dus t r i a l  s e ct o r  ene r gy con s ump t ion f r om 1 9 54 to 1 9 7 2. 
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Source: National Petroleum Council, U.S. Energy Outlook-An Initial Appraisal (1971·1985), Table 23. 

F i gur e 1. H i s t o r i ca l  T r end in Energy C o n s ump t i on 
by I ndus t r i a l  S e c t o r . 

I n  the p as t ,  indus t ry has had l imi t e d  e c onomi c  incen t ive s t o  
stre s s  energy e f f i c i en t  p r o c e s s e s  or  e quipmen t b e c aus e fue l c o s t s  
have b e en low r e l a t ive to  c ap i ta l  co s t s . Even s o , many indus t r i a l  
firms have deve l op e d  an d p r a c t i ced con s e rvat i on p r o c e dur e s . S in c e  
ene rgy cos t s  have incr e a s e d  re l a t ive t o  t o t a l  manufac tur ing c o s t s , 
the re are even g r e a t e r  e c onom i c  incen t ive s for  ene rgy man a g emen t  
i n  da i l y  oper a t i ons . B ar ring o the r e c onomic cons t r a i n t s , the r e  
wi l l  b e  mo r e  incent ive s f o r  mod ern i z ing p l an t s  and g r e a t e r  a t t en ­
tion will b e  paid to oper ating de s ign and p r a ctic e s  that w i l l  r e ­
duce ene r gy c onsump t i on . 

* Th i s  t o ta l  include s 3. 7 quadr i l l i on BTU ' s  f o r  ener gy p r o d ­
ucts  ind i c ated as  nonene r gy demand - - that  i s , o i l ,  g a s  and c o a l  and 
the ir  de riva t e s  u t i l i z e d  as f e e ds t o cks in the manuf actur ing o f  
pe tro chem i c a l s ,  a s pha l t ,  etc . 
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I n  o r d e r  t o  det e rmine the ex tent t o  wh i ch indu s try as  a who l e 
could  exp and i t s  ene r gy cons e rva t i on t e chnique s , s even indus t r i e s  
wh i ch accoun t  f o r  app roxima t e l y  75 p e r c e n t  o f  the ene rgy us e d  in 
the indus t r i a l  s e c t o r  we re s e l e c t e d  fo r eval ua t i o n . The s e  indus ­
tr i e s , wi th the i r  re s p e c t ive ene rgy c on s ump t i ons  in 1972 are: 

Energy C on s ume d in 1972 
I n dus try (Quadr i l l i on BTU ' s) 

Chemi c a l  3 . 5  
I ron and S te e l 3 . 2  
Agr i culture and F o o d  Proc e s s itig 3 . 2  
P e t r o l eum 3 . 0  
P ape r 2 . 2  
Aluminum 1 . 2  
Aut omob i l e  Manufac tur ing 0 . 5  

I n  add i t ion , s ince almos t ha l f  o f  the  ene r gy c on s um e d  by in ­
dus try i s  u t i l i z e d  t o  gener a t e  s t e am , the  opp o r tun i t i e s  f o r  im ­
proving the e ff i c i ency o f  indus t r i al b o i l e r s  and aux i l i ar i e s  were  
cons i de r e d  s ep a r a t e l y . 

Qua l i f i e d  r ep r e s e n t a t ive s  from the ab ove indus t r i e s  a c t ive ly 
p ar t i c ip a t e d  in the prepar a t i on of  th i s s e c t ion ( s e e  App end i x  B f o r  
t as k  group ro s t e r s ) . 
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SUMMARY AND CONCLUS I ONS 

SHORT - TERM CONSERVAT I ON POTENT IAL 

The e s t imat e d  p o tent i al s av ing s o f  ene r gy thro ugh cons e rva t i on 
e ffor t s  by the ind i v i dua l indus t r i e s  thr ough the 1974- 1978 p e r i o d  
ar e s ummar i z e d  i n  Tab l e  1 .  The s e  f i g ur e s  rep r e s ent  ave r a g e  p o t en ­
t i a l s  for th e indus tr i e s and s hould  no t b e  v i ew e d  as  ne c e s s ar i l y 
app l i c ab l e  to  ind iv i dual comp an i e s  whe r e  p as t c ons e rvat i on me a s ur e s  
may have a l r e ady e f fe c t e d  s i gni f i cant s aving s . Th e l a t t e r  s h o u l d  
no t b e  cons i de r e d  as  o f fer ing add i t i ona l s av ing s i f  they w e r e  man ­
da t e d  for al l comp ani e s . Wh i l e the s e  s aving s  h ave b e en e va l ua t e d  
a s  uni formly as  p o s s ib l e , i n  the fina l  ana l y s i s  ind i v i dual  j udg ­
ment s b as e d on exp e r i enc e  have b e en ne ce s s ary , thus cr e a t ing s ome 
uni quene s s  in e a ch o f  th e indus try ana lys e s . 

TABLE 1 

ESTIMATED CONSERVATION POTENTIAL-INDUSTRIAL SECTOR-1974-1978 
(Based On 1972 Energy Consumption) 

Potential Savings 
Per Unit Of Output 

Industry (Percent) 

Primary Metals (Steel, aluminum, etc.) 5* 

Chemicals 20 

Petroleum Refining 1 5  

Agriculture 

Farming 2 
Food Processing 1 0  

Automobile Manufacturing 1 0  

Paper 1 5  

Remaining Industries 1 0  

Weighted Average 10 

*The 5-percent savings for primary metals is extrapolated from the steel and aluminum projections as these metals make up 
the primary portion of the primary metals group. 

The p e r cent age s av ing s in Tab l e  1 are e s t ima t e d  p e r  un i t  o f  
output on the b a s is o f  1972 ene rgy cons ump tion , s in c e  1972 was th e 
las t ye ar for  wh i ch f ina l data  we re  ava i l ab l e . The indus t r i e s  that 
were s tud i e d  in th i s  report cons ume ab out 75 p e r c ent o f  the ene r gy 
cons ume d by the indus t r i a l  s e c t or . A p e r c ent age  s av ing s f o r  the 
rema ining indus trie s was as s ume d to be 10 p e r c ent , so that the 
we i ght e d  ave rage  p e r c entage fo r indus try as  a who l e  is  c a l cu l a t e d  
to b e  10 p e r c ent b y  1978 . 
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GENERAL CONSTRAINTS IN INDUSTRIAL SECTOR 

The immediate challenge facing industry, government and the 
public is how best to strike a balance between energy conservation 
goals and the constraints of limited capital and technical manpower 
and environmental controls. 

Capital Expenditures 

To effect a 10 percent saving of energy per unit of output by 
1978 , industry as a whole will have to provide capital expenditures 
of approximately $1 billion per year. These expenditures probably 
will be economically j ustifiable with present and proj ected energy 
prices,but they must also compete with other corporate investment 
proj ects. 

Availability of Technical Manpower 

There is great concern in industry regarding the availability 
of technical manpower to identify, evaluate and implement energy 
conservation proj ects because of a general engineering manpower 
shortage for normal operations, moderniiation and expansion. Small 
companies with limited technical staffs will find it especially 
difficult to assign the necessary technical effort required to pur­
sue energy conservation proj ects. 

Environmental Controls 

Energy conservation programs frequently conflict with envir­
onmental standards because these standards usually necessitate 
process changes that result in greater use of energy. One example 
is the reduction in coke production in the steel industry. In 
order to meet air and water quality standards,it is necessary to 
increase the use of direct oil inj ection in blast furnaces. Another 
example is in the petroleum refining process. The desulfurization· 
of residual fuel oil, to comply with environmental regulations ap­
plicable in many areas, requires an equivalent of 3 to 4 percent of 
the quantity of oil desulfurized as energy for the desulfurization 
process. In fact, most of the procedures suggested for cleaning 
up the environment require additional energy. 

PROGRAM FOR ACTION 

An effective program for implementing short-term energy con­
servation in the industrial sector requires action by individual 
firms. The following are practical steps that a company can take: 

• An effective energy management program for an industrial 
concern must be organized from corporate headquarters down 
through the individual plants that are involved. The pro­
gram requires a long-term commitment by top management. 
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• Special emphasis should be placed on those areas of con­
servation which represent the greatest potential for sav­
ings per unit of capital and managerial effort. 

• Realistic goals must be established and employee training 
and information programs should be initiated. 
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ENERGY MANAGEMENT 

Energy management programs have assumed more vital roles in 
the plans of industrial firms as a result of the recent sharp in­
crease in energy costs and the threatened scarcity of supply. An 
effective energy management program requires top management empha­
sis which must be sustained indefinitely. Realistic objectives 
should be defined and progress demanded. Management support must 
be given for effective programs in the form of qualified, aggressive 
people and adequate funding for operating changes and new invest­
ments. The basic requirements for such a program are summarized 
below: 

• An understanding of the basic principles of energy and its 
use in an industrial plant. 

• Comprehensive surveys to determine, quantitatively, where 
and how energy is used in the plant. 

• The application of sound principles of industrial economics 
to determine the cost of energy usage. (This may not be 
possible using only accounting cost allocations, as these 
are tools for internal control and may not give a true pic­
ture of energy economics. ) 

• The es tablishment of goals, both overall and for specific 
areas or plants, taking into account the variety of proc­
esses involved, e. g. , whether batch or continuous, etc. 

• Periodic evaluation of results against established goals; 
this is critical and may involve measuring decreases in 
losses rather than trying to detect changes in otherwise 
variable input costs. 

• Establishment of training programs for plant operators with 
special emphasis on energy conservation. 

• Enlistment of employee support through in-house education 
and information programs. 

In short, the plan would involve review, analysis, evaluation, 
and finally, implementation of a permanent program that reflects 
full corporate dedication. 
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ENERGY CONSERVATION OPPORTUNITIES 

The following section contains the individual reports of the 
seven selected industries plus industrial boilers. 

CHEMICAL INDUSTRY 

Utilization of energy products in the chemical industry can 
be broadly divided into two areas: those used for energy content 
and those used for carbon and hydrogen content. The latter non­
energy categories which are customarily referred to as feedstocks 
or raw materials are primarily petroleum products and natural gas 
used by the chemical and allied industries. While such uses cur­
rently represent only about 4 percent of total energy use in the 
United States, these raw materials are derived from the energy sec­
tor and are essential to many major industries ranging from agri­
culture to textiles. 

In the past, a great deal of attention has been paid to im­
proving yields of final products per unit of raw materials consumed 
by the chemical industry. Thus, it is not expected that signifi­
cant short-term improvements in efficiency in the use o·f raw mate­
rials are likely, relative to, the possible savings of energy in 
the chemical industry. 

Conservation Emphasis 

The following breakdown is representative of how energy is 
used by the chemical industry, raw materials are not included: * 

Process steam generation 
Direct process heat 
Purchased electricity } 
Generated electricity 

Total 

52% 
24% 

24% 

100% 

Process steam usage offers the greatest potential for efficiency 
improvements. It is also one of the more complex areas, therefore, 
a complete analysis of a plant's steam system is necessary in order 
to identify requirements for each item of process or service equip-

* Data from Dow report to FPC National Power Survey Technical 
Advisory Committee on Conservation of Energy Position Paper No. 17 , 
May 1973 . 
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ment. In addition to the usual attentions paid to reducing leaks, 
improving controls, setting proper operating conditions, recover­
ing heat, reducing line losses, etc., all of which will reduce 
energy input; attention should be paid to the overall concept of 
making more effective use of energy in its unavoidable path of de­
gradation from input level to output level. 

Mechanical energy can be recovered from steam by expanding it 
through turbines from the high-pressure steam production level to 
the lower-pressure process use level. This mechanical energy can 
be used directly or can be used to generate electric power. In 
this way, mechanical energy is produced at a much lower cost than 
in a large efficient utility steam generating station. The differ­
ence is that the utility must rej ect about two-thirds of the heat 
absorbed by the boilers to the condenser cooling water. A process 
industrial plant, on the other hand, can use some or all of this 
heat by condensing the exhaust steam in the various process heaters. 
Whenever low-pressure steam is condensed by cooling water or air, 
roughly 1 thousand BTU's per pound of steam is wasted. Thus, every 
effort should be made to utilize the energy in low-pressure steam. 

The thermal nature of the industrial operation is an important 
consideration. Many chemical and refining processes are exothermic 
or have large quantities of high-level heat available for recovery. 
Frequently, the recoverable waste heat exceeds the amount of energy 
required for process heating. Good engineering and energy conser­
vation practice calls for this surplus energy to be recovered in 
the most advantageous way. If the process requires large blocks of 
mechanical energy, which is often the case, then the solution is to 
recover waste heat as steam and expand this steam through steam 
turbines driving the required machinery. In other cases, heat re­
covery by interchange with other process streams or heat cascading 
is possible. An example of the latter is to use the heat of con­
densation from one distillation column to operate a second distil­
lation column which requires a lower-level of heat. 

Evaluation of the thermal balance of a given process should 
pinpoint places where excessive sub-cooling of process streams can 
occur because of low-cooling water temperatures. If the process 
stream must subsequently be heated, steam consumption will be in­
creased. Modified operating conditions are normally able to cor­
rect this problem. 

As the cost of all energy rises and ways are sought to use it 
more efficiently, consideration should be given to the possibility 
of siting utility power plants adj acent to industrial plants in 
order to supply the latter with steam and power. In this way, ad­
vantage can be taken of lower investment and operating costs result­
ing from lower heat rates for by-product power generation while, at 
the same time, the economic advantages associated with large unit 
size can be retained. Furthermore, the larger investment required 
to use more plentiful coal and nuclear energy can be more easily 
j ustified. 
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Process design changes also offer opportunities for energy 
savings in the chemical industry. Distillation, for example, re­
quires significant amounts of energy usually in the form of steam 
to the reboilers. By utilizing a scheme known as vapor recompres­
sion distillation, overall energy requirements for a given separa­
tion can be reduced by 25 to 75 percent. In this process, the 
overhead vapors are compressed mechanically, elevating their tem­
perature, and then condensed in the reboiler to provide the needed 
temperature differential to drive the reboiler. The only energy 
requirements are for the driver on the compressor. Other modifica­
tions of distillation processes, such as side-stream draw-off and 
steam generation on column condenser, may be possible. 

Mechanics of Achieving Energy Conservation 

Energy conservation measures may be broadly divided into two 
categories: those that require capital investment to achieve and 
those that do not. The latter are achieved by improved operating 
and maintenance practices, with minimal equipment investment. The 
potential savings that would require capital investment are believed 
to range from 50 to 70 percent of the total poten tial. 

As the cost of fuel and power increases, the investment of 
capital in process equipment to save energy is more readily j usti­
fied. The extent to which such proj ects can be j ustified depends 
on a number of factors and guidelines established by each company. 
Figure 2 shows a generalized approach used by one company for eval­
uating energy savings projects. This figure relates proj ect cost 
(in thousands of dollars per million BTU's per hour of fuel savings) 
to cash payout in number of years. A curve is drawn for each as­
sumption regarding fuel cost ranging from $0. 2 5 to $2.0 0  per million 
BTU's. Calculations were based on con�inuous usage of 8 , 5 3 3  hours 
per year, 10 year depreciation, and 50 percent tax rate. For ex­
ample, a $150 , 000 project that will save 1 0  million BTU's per hour 
( $15 , 000 per million BTU's per hour) would have a cash payout of 
3 . 8  years at a $0 . 75 fuel cost. 

In general, it is believed that technology could provide a 10 
to 15 percent reduction in energy consumption in the chemical in­
dustry, assuming constant production rates. Much of the savings 
would come from improvements in energy systems, such as higher con­
version efficiencies, regenerative and recuperative heat recovery 
and decreased waste. Additional savings might be realized through 
development of chemical processes that require less energy. In some 
cases, this may involve reversion to older known processes that 
might impose other penalties such as lower yield, etc., but would 
be less energy intensive. Other reductions would require advance­
ments in industrial process technology. 

Short-Term Conservation Potential 

Since a large portion of energy consumed by the chemical in­
dustry (about 50 percent) is used to generate process steam, con-
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servatio� of process steam alone provides a potential for signifi­
cant sav1ngs. Other uses of energy, as in direct-fired vessels 
also

_
offe: opportunities for conservation. Active programs in the 

chem�cal 1ndustr� ha�e demonstrated that substantial savings are 
po�s1ble b� appl1cat1on of sound energy management principles. One 
maJor chem1cal company has reduced energy consumption per unit of 
output by 20 percent in the last two years. Others report similar 
success as a result of intensive programs. With 1972 demand as a 
� ase , i� is estimated that a total savings potential of 20 percent 
1s poss1ble by 1978 for the industry. 

IRON AND STEEL INDUSTRY 

Conservation Emphasis 

The steel industry in the United States consists of 90 basic 
steel manufacturing companies and approximately 100 additional 
firms that purchase semi-finished steel from basic producers for 
further processing. There are 450 plants throughout the country. 
In 1973 , these companies shipped about 112 million tons of steel 
products valued at $25 billion. 

Steelmaking processes and energy requirements vary widely from 
plant to plant. Historically, steel plants have been located to 
serve a particular market area taking into consideration the avail­
ability and cost of transportation, labor, water, scrap, iron ore, 
coal, natural gas and electricity. The smallest plants are the 100 
thousand ton per year mini-mills which use only electricity and 
natural gas or oil as energy sources. Their process consists of 
melting scrap in electric arc furnaces followed by casting and roll­
ing. At the other end of the spectrum are the fully integrated 
mills producing several million tons per year of steel mill prod­
ucts. These plants are based on coal (coke) as a principal energy 
source. 

F i gure 3 i l l us t rat e s  th e wi de di ffe rence in  ene rgy requi re­
ments  b e tw e en an int e g r at e d  p l ant p ro duc i n g  s t e e l  from i ron o re and 
the nonint e gr at e d  p l ant p ro ducing s t e e l  f r om re cy c l e d  s cr ap . Th e 
requi rement s g i ven in  F i gure 3 c an b e  mi s l e adin g . They mi ght s e em 
t o  indi cate  that the ent i re dome s t i c  s t e e l  i n dus t ry s h o uld i ni t i at e  
p l ans t o  conve rt  ent i re ly t o  a r e cy cl e d  s cr ap op e rat i on; h oweve r , 
the ene r gy cons ump t i on fi gur e s  do no t t ak e  int o account th e ene r gy 
l o s s e s as s o ci at e d  w i th the gene r at i on and t rans mi s s i on o f  e l e ctri c 
powe r t o  the s t e e l  mi l l . I f  the s e  l o s s es we re i n c l ude d ,  the o ve r­
a l l  ene r gy requi rements  o f  the nonint e g r at e d  p l ant , b as e d  on el e c ­
t ri c  me l t in g , woul d incre as e t o  app roximat e ly 18 mi l l i on B TU ' s  p e r  
s hipp e d  t on . 

The 30 . 8  million BTU's for the integrated plant minus the 18 
million BTU's for the nonintegrated plant represents the amount of 
energy (principally coal) required to reduce 1 ton of iron ore to 
iron. All present methods of iron ore reduction require 12 to 15 
million BTU's of energy per ton of iron produced. But the reduc­
tion of iron ore cannot be avoided because there is not enough 
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Figure 3 .  Examples of Energy Requirements for Integrated 
and Nonintegrated Steel Plants. 
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scrap or electricity available in the United States to permit this 
type of operation for all of the domestic steel requirements. 

In addition to variations in processes, there are variations 
in end products. Hot rolled products (reinforcing bar, structurals, 
etc. ) require less total energy to produce than cold rolled, heat 
treated or coated products. Serious errors would also result from 
applying industry averages to the steel operations in different 
regions of the country. It is readily apparent, therefore, that 
industry averages cannot be used to describe an individual steel 
plant. 

Mechanics of Achieving Energy Conservation 

Natural gas prices, especially in the northeastern section of 
the United States have favored the use of fuel conservation devices 
in steel plants. Some examples of conservation measures are: 

• Recuperators and air preheaters 

• Waste heat boilers 

• Automatic combus tion controls 

• Insulated water cooled members in reheating furnaces 

• By-product utilization. 

The first two measures are of particular interest because they 
apply to a large segment of the industry. 

The two main methods for recovering heat from flue gases exit­
ing from high-temperature furnaces are: ( 1) recuperators to use 
the flue gases to preheat combustion air and ( 2) waste heat boilers 
to use the heat of the flue gases to generate steam. The preheat­
ing of combustion air affords a sizable reduction in fuel consump­
tion, but a more efficient recovery of waste heat from flue gas can 
be accomplished with waste heat boilers. This latter recovery 
method has a potential thermal efficiency of approximately 80 per­
cent compared to 60 percent for recuperators. For this conserva­
tion method to be effective, there must be an economic use for the 
steam generated. Furthermore, an alternative heat capability must 
be installed in most cases because the generation of steam will fol­
low the pattern of furnace operation rather than the pattern of 
steam demand. 

As Table 2 indicates, conservation efforts should be concen­
trated in different areas for integrated and nonintegrated plants. 
The maj or obj ective in the integrated plant should be the collec­
tion and more efficient use of the by-product fuels generated by 
coke ovens and blast furnaces. Additional heat recovery devices 
and improved efficiences would lower the purchased fuel requirement. 
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Coal 
Natural Gas 
Fuel Oil 
Electricity 

Total 

TABLE 2 

SOURCES O F  ENERGY FOR STEELMAKING 
(Percent) 

Average of Average of 
Integrated Nonintegrated 

Companies* Companies 

70.0 7.1 
1 9.8 63.2 

6.6 6.0 
3.6 23.7 

--

100.0 100.0 

Source: A 1972 industry-wide survey by the American Iron and Steel Institute (A ISI). 
*Includes both integrated and nonintegrated plants operated by these companies. 

Average of 
All 

Companies 

68.9 
20.6 

6.5 
4.0 

100.0 

In the case of the nonintegrated plant, the maj or target for 
conservation is the consumption of natural gas and/or fuel oil used 
by the hot mill reheating furnaces. Waste heat recovery and im­
proved surveillance by plant personnel is the key to conservation. 
Electricity is also a major energy source for electric furnace 
steelmaking and rolling mill drives. Consequently, demand control 
and power factor correction are important in the nonintegrated 
plant. Typical fuel usages that need study are: 

• Process heat 
--Reheat furnaces prior to hot rolling 
--Heat treating 
--Coating 
--Soaking pits 
--Annealing 
--Atmosphere gas generation 
--Calcining 
--Sintering 
--Transportation 
--Space heating 

• Steam 
--Space heating 
--Turbine drives 
--Coating weight con trol 
--Indirect heating--pickle tanks 
--Oil atomization 
--Vacuum systems for degassing 

• Purchased and generated electricity 
--All rolling and processing operations 
--Heat treating 
--Material movement 
--Lighting, etc. 
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--Pumps; air compressors, fans, etc. 
--Electric furnaces (induction, arc, resistance) 

• By-products used as fuel 
--Coke oven gas 
--Blast furnace gas 
--Coke oven tar 
--Waste oil 

Recycling of Steel Scrap 

The most important area of energy conservation in the iron and 
steel industry is in the recycling of scrap steel which accounts 
for about 46 percent of raw steel production. As mentioned earlier, 
the electric furnace recycling of a 100 percent steel scrap charge 
consumes approximately 13 million BTU's less energy per ton, than 
the process of reducing iron ore. However, recycling is limited by 
shortages of scrap and electric power. 

Historically, the steel industry has tried to strike an eco­
nomic balance between the two processes. Integrated plants with 
iron ore reducing blast furnaces also depend on supplementing pig 
iron with scrap charges in steel producing furnaces, such as open 
hearth �nd basic oxygen furnaces. Open hearths are relatively 
flexible; they can operate with as little as 25 percent scrap or as 
much as a 65 percent scrap. Basic oxygen furnaces operate on a 
thermal balance of approximately 25 to 30 percent scrap and 70 to 
75 percent pig iron. About 60 percent of industry's total scrap 
requirements are generated and recycled within the steel plants. 

In recent years, both domestic and foreign steel industries 
have been operating at capacity levels. Much of the U. S. scrap has 
been exported to other countries. Table 3 shows the U. S. steel in­
dustry's scrap consumption, in-plant scrap generation, purchases 
and exports for a 4 year period including proj ections for 1974 . 
Ferrous scrap requirements for the foundry industry are not included. 

It is evident that an increasing percentage of available domes­
tic scrap has been exported during the period of cost/price controls 
and high energy costs. Industry has been forced to reduce invento­
ries to dangerously low levels. Reclaimed scrap that normally would 
be brought into the market in 1974 may have already been collected, 
sold, and possibly exported in 1973 so the available scrap in 1974 
may be less than normal. 

The domestic energy supply outlook indicates that the exporta­
tion of energy-containing scrap may be unwise because it has the 
effect of greatly increasing energy requirements to reduce addi­
tional iron ore. The 1 1 . 2  million tons of scrap exported in 1973 
represents the export of approximately 150 trillion BTU's. or the 
energy equivalent of 24 million barrels of fuel oil. 

The present policy of the government will permit the export of 
at least 8 . 4  million tons of scrap in 1974 . This represents at 
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Raw steel production 
Scrap consumption 
In-plant scrap 
Inventory change 
Purchased scrap 
Exported scrap 
Total scrap sold 
Percent exported 

TABLE 3 

STEEL INDUSTRY SCRAP CONSUMPTION, IN-PLANT SCRAP 
GENERATION, PURCHASES AND EXPORTS-1971-1974 

(Millions of Tons) 

1971 1972 1973 

1 20.4 1 33.2 1 50.5 
64.6 73.4 8 1 .2 
42.5 44.4 50.4 

+.7 -.4 - 1 .0 
22.8 28.5 29.8 

6.5 7.4 1 1 .2 
40.7 49.2 54.6 
1 5.9 1 5.0 20.6 

1974 

1 50.0 
85.0 
48.0 
+ 1 .0 
38.0 

l e as t the ene rgy equiva l ent o f  18 mi l l i on b a rr e l s  o f  r e s i dua l o i l 
o r  SO thous and b arr e l s  p e r  day . On the  o t h e r  h an d , the  s i de  e ff e c t s  
o f  r educ t i o n  o f  s cr ap exp or t s on b a l anc e o f  p aymen t s  and i n t e rna ­
t i on a l  tr ade r e l a t i ons mus t b e  cons i de r e d . 

Sho r t-Te rm Cons erva t i on P o t en t i al 

S i xty-e i gh t  and n i ne-t enths (68 . 9) p e r c en t  o f  th e e n e r gy c on ­
s ump t i on o f  the bas i c  s t e e l  indus t ry w as s up p l i ed i n  the  f o rm o f  
co a l  o r  c o a l  by-p ro duc t s  in 1972 . S ho r t - t e rm opp o r tuni t i e s fo r r e ­
duc i ng th i s  energy r eq u i r ement are l imi t e d . 

App roxima t e ly 70 p e rc en t o f  the i ndus t ry c o a l  requi r ement s are 
s upp l i ed by c ap t i v e  mines . Any redu c t i on i n  th e s upp ly o f  co a l  
( c o ke ) i s  a lmo s t imme di a t e ly r e f l e c t e d  i n  a d e c r e as e i n  p ro duc t i on 
o f p i g  i r on by the indus t ry ' s  b l as t furnac e s  and a r e s u l t ing r e duc ­
t i on in s t e e l  s hipmen ts . Exc ep t  f o r  a v e ry l imi t e d  numb e r  o f  g a s ­
f i r e d  d i r e c t  r e duc t i on un i ts , the indus t ry i s  d ep endent on the  
energy from coke f o r  the  r e duc t i on o f  i ron o r e . I n t e g r a t e d  com­
p an i es ( tho s e  w i th b l as t  furnac es ) p ro duced  87 p e r c ent o f  the  raw 
s t e e l  p r o duc t i on in 1972 . 

The 27 . 1  p e rcent o f  t ot a l  ene rgy in t h e  f orms o f  n a t ur a l  gas 
an d p e t r o l eum is  a l mo s t an i rr e duc i b l e  min imum f o r d own s t r e am 
p r o c e s s in g  uni t s  ( ann e a l i ng ,  heat t r e a t ing , c o a t i ng l in e s , e t c . ) 
whe re the r e  i s  no  known t e chno l ogy t o  s ub s t i tu t e  c o a l  as  the  ene rgy 
s ource . (Th e 27 . 1 p e r c ent requi rement t ak e s  i n t o  a c c ount  us a g e  o f  
a l l  coke mak ing by-p r o duct  fue l and i s  a n e t  r e qu i rement . )  

I t  i s  i n t e r es t ing t o  no t e  that i n  mos t i ndus t r i e s , o th e r  th an 
s t e e l , app roximat e ly SO p ercent o f  the ene rgy us a g e  i s  r e qu i r e d  t o  
p ro duce p r o ce s s s t eam . I n  contras t , one maj o r  s t e e l  p ro duc e r  con ­
s ume d o nly 16 . 9  p e r c ent o f  i t s t o t a l  ene rgy us ag e i n  the p ro du c t i on 
o f  a l l  s t e am . Thi s  i s  thought to  b e  typ i ca l  o f  the  en t i r e  i n dus t ry . 
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Whi l e other i n dus t r i e s  may have the opp o r tun i ty t o  s h ow s igni f icant 
ene rgy s avings as the res u l t  o f  cons erving p ro c e s s  s t e am , th i s  i s  
not p os s i b l e  f o r  the s t e e l indus try . 

S ince s te e l i s  h i gh ly dep endent on co a l  fo r  ene rgy and co a l  i s  
the Nat i on ' s mo s t  abundan t ene rgy s our ce , mos t o f  the  indus t ry ' s  
cons ervat i on e f fo r t s  w i l l  b e  d i r e c t e d  i n i t i a l ly t oward cons erving 
the  o ther  f orms o f  ene rgy; n ame ly , natur a l  g as and p e t r o l eum p ro d ­
ucts . Wh ere e c onomi c a l ly feas ib l e , fue l s av i n g s  w i l l  b e  a ch i eve d 
by g r e at e r  ut i l i z a t i on o f  was t e  gas re cup e r a t o rs , a l t e r e d  o p e r a t ing 
s che du l e s ,  imp rove d combus t i on e ff i c i ency , h i gher u t i l i z a t i on o f  
was te  p r o c e s s h e a t  and imp r ove d  b l as t  furnac e p r a c t ice . 

Wi th 1972 ene rgy us age as a b as e  p e r i o d , th e i n dus t ry e s t imates  
that  a 5 p e rcent  r e duc t i o n  in  en ergy us ag e p e r uni t  of  outp u t  can be  
accomp l i s he d  by 197 8 .  This  as s ume s  that op e r a t ing r a t e s  w i l l  r emain 
h i gh so  as t o  t ake  advantag e of  the e f f i c i enc i e s  of  g r e a t e r  equip ­
ment u t i l i z at i on . 

AGRI CULTURE AND FOOD P ROCES S I NG 

Agr i cul tur e 

Ag r i cul ture and f o o d  p r o ce s s ing ene rgy us age accoun t s  for  12 
p e rcen t  o f  the t o t a l  U . S .  indus t r i a l  en e r gy cons ump t i on ,  o r  app r o x­
imate ly 3 . 2 quadr i l l i on BTU's annual ly .  Ene r gy consump t i on o n  the 
f arm is ab out 30 p e rcent of t o t a l  agr i cu l t ur e  and fo o d  p roce s s ing 
indus trie s'  us age , o r  e qu iva l ent t o  app r o x ima te ly 1 quadr i l l i o n  
BTU's annua l ly .  

Os t ens ib ly , one farmer i n  the Un i t e d  S t a t e s  now p rovi des  fo o d  
and f i b e r  f o r  app r ox ima t e ly 51 p e op l e . I n  r e a l i ty , app r oxima t e ly 
two s upp o r t  workers  are  requ i r ed for  e ach farme r , s in c e  farm fo o d  
p r o duct i on mus t g e ne r a l ly b e  furthe r p r o ce s s e d t o  s ome de g r e e . 
The s e foo d p ro ce s s i ng and as s o c i at e d  op e r a t i ons  cons ume l a rg e 
amount s  o f  e nergy an d , t he r e fo r e , ov e r a l l  e ne r gy requ i r ement s a r e  
s ever a l  t imes  thos e us e d  in c r op p ro duc t i on . 

As recent l y  as  1920 , anima l s  p rovi de d about 25 m i l l i on hors e­
p ower of energy to the agr icul ture indus try . S uch an ima l s , p r imari­
ly hors e s  and mul e s ,  requ i r e d  one-four th of t he harv e s t e d  crop acre­
age fo r fe e d . I f  U . S .  f arme r s  were t o  g e t  t he i r ho rs ep owe r from 
an ima l s  t o day , they woul d requi r e  over 80 m i l l ion  acr e s ( 25 p e rcen t  
o f  currently  cul t ivat e d  l and) jus t t o  s up p ly t h e  anima l fe e d . Thus , 
the us e o f  t r a c t o r s  and o the r machine s ,  p owe r e d  d i r ect l y  or  i n d i rect­
ly by fo s s i l  fue l s , has  fre e d  a s ub s t ant i a l  amo un t o f  cult ivab l e  l and 
t o  pro duce f o o d  for humans and has  greatly  chan g e d the  p at t e rns o f  
ene rgy requirement s .  The repl acement o f  human e n e r gy b y  me chan i ca l  
powe r s ince  1920 i s  s hown in Tab l e  4 .  

Sho r t - r an g e  con s erva t i on c an b e  ach i ev e d  b e s t thr ough inten ­
s ive e ducat i onal  and t r a in ing p r o g r ams . The majo r d i f f i cu l ty in 
such a p r o g r am is  i n  the l o g i s t i c s  of s upp l y in g  i n f o rma t i on t o  the 
mi l l i ons  of ind i v i dual  farme r s .  (Th e r e  are s ome 2 . 8 m i l l i on farms 
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TABLE 4 

PRODUCTION O F  UNITED STATES CROPS-
LABOR VERSUS MECHANICA L POWER 

Tractor Labor 
Horsepower Farm Work, Hours 

(Millions) (Millions) 

1 920 5 1 3.406 

1 950 93 6,922 

1 960 1 53 4,590 

1 970 203 3,209 

1 972 209 3, 1 70 

Source: Economic Research Service, Department of Agriculture, Changes in Farm Production and Efficiency: A 
Summary Report, June 1973. 

in the Un i te d  S t a t e s . )  P r o c e dur e s  do e x i s t , howeve r , t o  d i s s emi­
nate  informa t i on thro ugh fe deral and s t a t e  agr i cu l tural agenc i e s  
and ex t en s i on s e rv i c e s , un ive r s i t i e s  and a g r i cu l tu r a l  as s o c i a t i ons , 
and many a c t i on s  have a l r e ady b e en in i t i a t e d . 

S ome o f  the long e r - t e rm p o t en t i a l s  for  ene r gy s av i n g s  a r e  
li s t e d  i n  t h e  f o l l owing . T h e  means o r  t e chn i q u e s  t o  a c h i eve  mo s t  
o f  the s e  s av ing s h av e  n o t  b e en e s t abli s h e d  n o r  have the  e c on om i c s  
b e en evalua t e d . *  

• Deve l opme n t  o f  mor e  e ff i c i en t  and b e t t e r  y i e l d ing c r o p s . 

• Op t imi z at i on o f  the minimum us e o f  chem i c a l  f e r t i l i z e r s  wi th 
max imum us e o f  manur e and farm by - p r o du ct s . 

• Us e o f  "no t i l l a g e "  o r  minimum t i llage for  land p r e p ar a t i on 
and crops  whe r e  p r ac t i c al .  

• Deve l opme n t  o f  c r op s that are  mo r e  r e s i s t an t  t o  ins e c t s , 
d i s e a s e  and b i r d s , thu s r e duc ing ene rgy inp u t s  o f  p e s t i c i de s 
and o ther  chem i c al s . 

• P r o duc t i on o f  s p e c i f i c  crop s on l y  in r e g i on s  tha t  g ive max ­
imum y i e l d s  p e r  un i t  o f  ene rgy input . 

• Us e o f  natur a l  f i e l d  drying to  the max imum e x t e n t  p o s s ible . 

* F arm e quipme n t  u t iliz a t i on and op e r a t i on are cons i d e r e d  in  
the report  by  the  T r an s p o r t a t ion Tas k G r oup . 
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Food Proce s s ing 

Ove r thre e - four ths o f  the food p roduced  b y  ag r i cu l tu r e  is  c om ­
me r c i a l l y  p roc e s s e d b e for e i t s  final  u s e . P r oc e s s e d food  may b e  
cons umed by oth e r  indus t r i e s , sold to other  p r o duc e r s , or de l ive r ed 
to the cons ume r .  

The en ergy con s umed in foo d  p roce s s ing i s  n o t  ac cu r a t e l y  known , 
al though e s t imat e s  ind i c a t e  that i t  may b e  ab out  2 . 2  quadr i l l ion 
BTU's annua l l y - - about two t ime s th e ene r gy con s ume d on the farm . 
The p roce s s e s  th at  us e the mos t ene r gy are cook ing/s t e r i l i z at ion , 
gr inding and mi l l ing , mechan i c a l  handl ing , wa s h in g  and c l e anin g , 
r e fr i g e r a t ion , dry i n g  and evapor at ion , s an i t a t ion , p ackag ing , and 
by - p roduc t  and was te  t r e a tmen t . The food c a t e gor i e s  that  us e the 
mos t ene r gy are me a t  p roduc t s , f l u i d  m i l k , b akery  p r o duc t s  and 
beve r ag e s . 

P r ac t ic a l l y a l l  food p r oc e s s ing comp an i e s  have a l r e ady i n i t i ­
ated both shor t- and long-t e rm en e r gy cons erva t i on p r o g r ams . The 
s hor t-t e rm me a s ur e s  r e ly p r imar i l y on energy  man a g emen t  and emp l oyee 
educat ion p rograms . The  s i gn i f i c an t long-ran g e  s av i n g s  in  the food  
proce s s ing indus t r i e s  are  l i ke ly to  r e s u l t f r om the fo l l owing  
me asure s: 

• U t i l i z a t ion o f  waste s and by - p roduc t s  ins t e ad o f  d i s p o s a l  
( e . g . , nut s h e l l s , fru i t  p i t s ) 

• L e s s  p ackag ing of foods w i th mor e bul k hand l ing * 

• E ducat ion of  con s ume r s  r e g a r d ing en e r gy e ff i c i e n t  f o o d s . 

F ood p roce s s in g  i s  an e s s en t i al indus try . Re c e n t  h i gh l y  pub ­
l i c i z e d  cas e s  o f  food tox i c i ty an d con t amina t i on have r e s ul t e d  in 
incre as ed cook ing and s t e r i l i z at ion r e qui r in g  incr e a s e d  ene r gy con ­
sump t ion r a the r th an r e duc t ions . H e a l th an d nu t r i t i on mus t a lways 
r e c e ive p r ior i ty con s i de r a t ion in energy a l loc a t ion . 

Cook ing/Ste r i l i z a t i on and Re fr i g e r a t i on 

A major l imi tat ion to ene r gy cons e rvat ion in the fo o d  p r o ce s s ­
ing indus try i s  the n e ed to as sure  th e s a fe ty o f  humans and animal s .  
Cook ing/s te r i l i z a t ion and r e fr i g e r a t ion are  two ene r gy - intens ive 
s teps  in food p r oc e s s ing , con s uming an e s t ima t e d  15 t o  20 p e r c e n t  
and 20 to  25 p e r c e n t , r e sp e c t i ve l y , o f  to t a l  f o o d  p r o c e s s ing  ene r gy . 
An ade qua te  amoun t o f  t r e a tmen t i s  e s s en t i a l  in o r d e r  t o  p r ovide  
nu tr i t ious  and  s a fe p r o duc t s , and  i t  is  pos s ib l e that  mo r e  p r o t e c ­
t ion i s  n e e d e d  than i s  now emp loye d .  P r ac t i c a l l y  a l l  f o o d  p r o du c t s  

* P roduct ion of packag ing mate r i a l s  has  n ot b e en inc l ude d as  
part  of fo od  p r o ce s s ing; howeve r ,  p ackag ing has  b e come one of the 
larger consume r s  o f  ene r gy - -from r aw ma t e r i al s  t o  s o l i d  was t e  d i sp o s al . 
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cont a in l ar g e  amoun t s  o f  mo i s ture an d are thus s ubje c t  t o  s p o i l ag e . 
Even mo s t c o o k e d/ s t e r i l i z e d  p r oduc ts  mus t b e  c anne d  o r  kep t r e fr i g ­
e r a t e d . C ons e rva t i on opp or tun i t i e s  do e x i s t  i n  th e s e  op e r a t i on s , 
but the op e r at i on s  thems e lv e s  mus t n o t  b e  omi t t e d  und e r  cur r e n t  
t e chno l o gy . I mp r ovemen t s  in food handl ing and p r o c e s s ing  equipmen t 
o p e ra t i ons o f fer  the mo s t  p r om i s i ng opp o r tun i t i e s  f o r  s h o r t-r an g e  
ene r gy cons erva t ion . 

F i e l d  Drying 

S imi l ar r i s ks are  invo lved in  the n atur a l  dry in g  o f  ag r i cul ­
tura l p r o duc t s  in the  f i e l d . Al though fue l c an b e  cons e rve d by  
a l l ow ing harve s t e d  p r o duc t s  to  dry l on g e r  natural l y , the dan g e r  of  
forma t i on of  n atur a l  toxins  wh ich  coul d con t am i n a t e  e dib l e  food  
produc t s i s  r eal . In  add i t i on , th e r e  is  s ome t i me s  a s i z ab l e l o s s  
i n  y i e l d  due t o  ex t ended exp o s ure o f  p r o duc t s  t o  the natural  
e l ements . 

Shor t-T e rm C on s e rv a t i on P o t en t ial  

Ag r i cul tur e 

Ene r gy us age  on-the-farm for agr i cul ture i s  e qu i v a l ent  to  ap ­
proxima t e l y  1 quadr i l l ion BTU ' s  annual ly o r  ab out 4 p e r c e n t  o f  the 
t o t a l  1972 U . S . indus t r i al  ene rgy cons ump t ion . Mo s t of th i s  ene r gy 
i s  r e c e ived  in  th e fo rm o f g a s olin e , d i e s e l  fue l and l ique f i e d  p e ­
t r o l eum g as fue l--a l l d e r i ve d  from p e tro l e um and n a t u r a l  g as . Wo r l d  
requ i r emen ts  fo r mo r e  and s a fer foods  h av e  r e s u l t e d  in  i nc r e as e d  on ­
the-farm en e rgy cons ump tion . Th i s  s i tuat i on i s  e xp e c t e d  t o  c on t i nue 
inde f i n i t e l y . In add i t i on , energy r e quiremen t s  are s ubje c t  to 
natur a l  we athe r c ond i t i on s  and eme rgenc i e s  an d may e xp e r i en c e  majo r 
s e a s onal  var i a t i on s  f rom the ave rage s .  

Sho r t-r an g e  cons e rvati on can b e s t b e  ach i ev e d  thro ugh inten ­
s ive e duc a t i on and t r a in ing programs . The majo r d i f f i cul ty l i e s  in 
d i s s eminat ing informa t i on to  the m i l l ions  o f  ind iv i dua l farme r s  on 
s ome 2 . 8 mi l l i on farms in th e Un i te d S ta t e s . I t  i s  b e l ive d tha t 
addi t i on a l  ene r gy s avings  can b e  ac comp l i s h e d  thr ough the e x i s t ing 
fede r a l  and s t a t e  ag r i cul tural  agen c i e s  and e x t en s i on s e rv i ce s , 
un ive r s i t i e s , and a g r i cul tura l  as s o c i a t i on s . I n  the s h o r t  t e rm , 
only a 2 p e rc en t  s av in g s  p e r  un i t  o f  output thr ough cons e rvat i on i s  
an t i c ip a t e d , wh i c h  woul d amoun t t o  about  20 t r i l l i on B TU ' s  in  1972- ­
e qu ival en t t o  10 thous and b arre l s  o f  o i l  dai l y . 

F o o d  Pr oc e s s ing 

Prac t i cal l y  a l l  food pro c e s s ing indus t r i e s  h ave exp ande d th e i r  
ene r gy cons e rvat ion p r o g r ams . Sh or t-t e rm me a s ur e s  r e l y  p r imar i l y  
o n  energy man a g ement and emp l oyee  e duc a t i on p r o g r ams . An o ve r a l l 
energy s avings  r a t e  o f  ab out 5 p e rc e n t  p e r  un i t o f  output (b as e d  
o n  the 1972 r a t i o) was ach i eved b y  the end o f  y e ar 1973 and an addi ­
t i onal  5 p e r c e n t  s avings  i s  exp e c t e d  b y  the  end o f  y e a r  1974 . 
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The s e  s avings  r e qu i r e  min imal pro c e s s ing chan g e s  and c ap i t a l  
inve s tmen t .  

Th e r e  are fur ther opp ortun i t i e s  for  s i gn i f i c an t  s h o r t- t e rm 
ene rgy r e duc t i ons . Mo s t  o f  the s e  r e qu i r e  revi s e d p ro ce s s ing  t e ch ­
n i ques , energy r e c overy s ys tems , proce s s ing c o n t r o ls , and even s ome 
di fferent food produc t s . Mos t requ i re cap i t a l  e xp endi ture s .  I n  
to tal , s av ing s o f  10 t o  15 p e r cent p er un i t  o f  outp u t  a r e  e xp e c te d  
b y  1978 , equival ent t o  220 to 330 tr i l l i on BTU's pe r y e a r  o r  ab out 
105 to  150 thous and b arre l s  of  o i l  dai l y . 

PETROL EUM REF I N I NG 

I n  p e t r o l eum r e f in ing , th r e e  p r in c i p a l  a r e a s  o f  opp o r tun i ty 
ex i s t  for  in creas ing en e rgy us e e ff i c i ency . The s e  ar�as invo lve 
re cove r ing ene rgy o f  the foll ow ing typ e s :  

• Th ermal --was te  h e a t  re cove rab l e  from h o t  pro c e s s s t r e ams , 
fl ue gas , and e�haus t s t e am 

• Chem i c a l  --h e a t  ob tainab l e  from th e c omb us t i on o f  fue l s  and 
from exotherm i c  r e ac t i ons  s uch as hydr o g ena t i on , 
p o l yme r i z a t i on , e t c . 

• Hydraul i c - -that wh i ch c an b e  ob taine d from h i gh - p r e s s ur e  
p r o c e s s  s tr e ams . 

C ons e rvat i on Emphas i s  

Re f ine r i es vary a s  t o  capac i ty , c omp l ex i ty , typ e o f  p r o c e s s­
ing equipmen t  and p r o duc t s l a t e . Tab l e  5 s h ows a typ i c a l  r e f i n e ry 
sub d i v i de d  into  the var i ous proc e s s  un i t s and the e n e r gy cons umed 
in e ach p r o c e s s . Th i s  typ i cal  re f inery cons ume s ab out 1 b arre l o f  
fue l f o r  eve ry 10 b ar r e l s  o f  crude oil p r o c e s s e d  o r  an ene r gy 
equivalent  o f  600 thous and BTU ' s  for p r o c e s s ing 1 b arr e l  o f  c rude 
o i l . 

I t  c an b e  s e en from Tab l e  5 tha t th e c r a c k i n g  un it i s  the 
majo r energy consumer in a r e f inery and thus , th e un i t  wh i ch de ­
s e rve s  max imum at tent i on wi th r e s p e c t  t o  cons ervat i on . C rude un i t s 
and re former s  are a l s o  s ub s t an t i a l  us e r s  o f  ene r gy . 

Energy c on s ump t i on in a re finery can b e  s e g r e g a t e d  i n t o  thr e e  
di s t inct  areas--p r o c e s s  h e at , s te am g ene r a t ion  and e l e c tr i c i ty . A 
typical g as o l ine manuf ac tur ing r e f ine ry has the fo l l ow i ng ene r gy 
b r e akdowns : 

Pro ce s s h e a t  
S t e am gene r a t i on 
Ele c t r i c i ty 

Tot al 

60% 
25% 
15% 

100% 

From the above p e rc e n t a g e s , i t can b e  s e en tha t e ne r gy b e ing con ­
sumed as p r oce s s  h e a t  (fuel to furnaces)  i s a p r imary t a r g e t .  
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TABLE 5 

ENERGY EXPENDED IN A TYPICAL U.S. REFINERY 

Refinery Process 

Crude 

Cracking 

Reforming 

Alkylation 

Asphalt 

Coking 

Oil Movement 

Other (Motor oils, 
chemicals, utilities) 

Total . 

BTU's Consumed 
(BTU/Bbl Crude) 

1 40,000 

195,000 

75,000 

45,000 

20,000 

1 5,000 

10,000 

1 00,000 

600,000 

Me ch an i c s  of Ach i ev ing Ene rgy Cons e rva t i on 

Main Areas for 
Energy Recovery 

Air preheaters, hydraulic turbines, 

cleaner and more heat exchangers 

Flua gas expanders, by-product gas 
expanders, improved regeneration, 
waste heat recovery 

Air preheaters, waste heat boilers, 
regen heat recovery systems 

R ecover heat from oxidation 

Air preheaters 

Al though th e re f in ing indus try h as a t t emp te d  to op t im i z e ene rgy 
c ons e rva t ion inve s tmen t s  b as e d  on e conom i c  con d i t ions o f  the p a s t , 
the r e  i s  room for fur the r  p rog r e s s in a new env i ronmen t o f  h i gh e r  
energy c o s ts . As  in  other indus t r i e s , t h e  oppor tun i t i e s  w i l l  b e  
found in thr e e  b as i c are as:  

• B e t t e r  managemen t and  u t i l i z a t ion o f  e x i s t ing fac i l i t i e s . 

• C ap i t a l  inv e s tment  to ach i ev e  en e r gy s av in g s . 

• I mp rovemen ts in t e chnology . 

Energy Cons e rvat i on wi th E xi s t in g  F ac i l i t i es 

Some of the impor t an t  are as for c ons e rva t i on opp o r tun it i e s  
(wi thout s i gn i fi c an t  cap i t a l  inve s tmen t )  are:  

• Op e rat ion of p roc e s s h e a t e rs;  r e du c t i on of e xc e s s air by  
c los e r  op e r a tor s urve i l l an ce and  he a t� e ff i c i ency imp rove ­
men t p rograms . 

• Cut t ing off  h e a t ing t anks and l ine s (out-o f - s e as on aspha l t  
t anks , e tc . )  excep t when n e e de d . 

• Min imi z a t ion of r e f lux rat ios i n  fra c t ion a t i n g  towe r s . 
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• Greater bypassing of intermediate storage with unfinished 
refinery intermediates (hot run-down from one unit to the 
next) . 

• Use of antifoulant materials 1n heaters and exchangers. 

• Minimization of lean oil and sponge oil circulation rates. 

• Use of steam stripping (at minimization rates) rather than 
reboiling where practical. 

• Closer control of hydrogen recycle rates 1n hydrodesulfur­
ization and cat-reforming units. 

• Optimization of cooling water circulation. 

• Maintenance of high vacuum on steam condensers for maximum 
power recovery by eliminating leaks and maintaining eject­
ors and condensers. 

• Capture of hydrocarbon now lost to flares and vents. 

• Optimization of operating pressures in process units. 

• Proper maintenance of steam-distribution systems including 
insulation, traps, valve packing, etc. 

Capital Investments for Energy Conservation 

Most refinery equipment was designed and installed during per­
iods of low energy cost. The current and projected higher energy 
costs provide substantial incentives for replacement of·existing 
equipment with more efficient equipment that could conserve energy 
in the following ways: 

• Installation of air preheaters, waste heat boilers or addi­
tional economizer sections in process heaters. 

• Redesign of heat exchange systems. 

• Installation of exchanger bypasses to facilitate on-stream 
cleaning. 

• Collection of condensate for reuse. 

4 

• Recovery of power from cat-cracker flue gas and high-pres-
sure liquid streams in hydrodesulfurizer units. 

• Recovery of heat from catalyst regeneration in fluid cata­
lytic cracking. 

• Design of system pressure drops to optimize pumping or corn­
pression power requirements. 
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I mp rovement s  in  T e chno l o gy 

T e chno l o g i c a l  adv anc e s  are ne e d e d  fo r fur the r  r e duc t i ons  i n  
ene rgy us age . The s e  s aving s w i l l  n o t  b e  ach i ev e d  i n  the  s ho r t run , 
but i t  i s  imp e r a t iv e  th a t work b e  s t a r t e d  s oon . S ome p o t en t i a l  
a r e a s  f o r  r e s e arch and deve l opment are : 

• Re cove ry o f  l ow- l e ve l heat  

• Deve l opmen t of  c o l d  s ep arat i on p r o c e s s e s  

• I nt r odu c t i on o f  nuc l e ar h e a t  for  p r o ce s s ing 

• Imp r oveme n t in catalys ts for  temp e ra ture and p r e s s ur e  
r e duc t ions . 

Shor t-T e rm C ons e rva t i on P o t en t i a l  

Ene rgy s av i n g s  w i th in ex i s t i ng r e f i n in g  f a c i l i t i e s  can b e  ob ­
tained  wi thout s i gn i f i c an t c api tal  inp u t s  b u t  b y  me ans  o f  s urveil ­
l ance  and main t e n an c e  o f  op e rat i ons . I t  i s  e s t ima te d  that mo r e  
than a 5 p er c e n t  s av ing in t o t a l  fue l us e d  coul d b e  r e a l i z e d  by an 
ave rage  r e f ine ry and much more by r e f ine r i e s  th at  h ave n e g l e c t e d  
energy c on s e rv a t i on me as ure s . Ene rgy s av i ng s  b y  c ap i t a l  inve s tment 
wi l l  t ake l ong e r  t o  ach i eve but the p o t ent i a l  b en e f i t s w i l l b e  
g r e a t e r--p o s s ib ly 10 t o  1 5  p erc ent b y  197 8 . 

PUL P , PAPER AND PAPE RBOARD. I NDUSTRY 

The U . S .  pul p , p ap e r  and paperbo a r d  indus t ry c o n s i s t s  o f  almo s t  
6 t hous and p l an t s i n  49 s t a t e s . I t  p r o duce d  62 m i l l i o n  ton s  o f  pa ­
p e r  and pap erboard  i n  1973 . T he indus t ry i s  t he four t h  rank ing 
manufactur ing con s umer  o f  energy in t he Na t ion , wi t h  a t o t a l  us e  o f  
2 . 2  quadr i l l i on BTU's i n  1972 , acco rding t o  a r e c en t  s urvey b y  t he 
Ame r ican Pap e r  I n s t i tut e (AP I ) . I t  ran k s  f i r s t  amon g  manufac tur ing 
co n s umer s o f  fue l  o i l s  at about 70 mi l l i o n  barr e l s p er  year . * 

En e rgy r e q u i r emen t s  o f  different p ap e r  p r o duc t s  vary w i dely . 
Whi l e  the manufa ctur e  o f  a s h o rt t on o f  news p r int  may ut i l i z e  on ly 
s ome 15 mi l l i on BTU's , fine b ook an d wri t i ng p ap e r  g r ade s us e up to 
48 mi l l i on BTU's . The r an g e  is  even g r e a t e r  when c e r t a in gr ades of 
cons t ruc t i on b o a r d  and sp e ci a l ty p ap e r s  are  cons i de re d . 

Con s erva t i o n  Empha s i s  

Recyc l ing 

Energy  con s e rva t i o n  t hroug h the i nc r ea s ed u s e  o f  r ecyc l e d  raw 
mat e r i a l s  ha s  b ecome a t o p ic o f  wide s p r e a d  int e re s t . Whi l e  the r e  

* 1972 Census  o f Manufactur e s , Bul l e t i n  #MC72 ( S R) -6 
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app ear to b e  a numb er o f  manufac tur ing indus t r i e s  wh ic h c o u l d  r educ e  
the ir  pur c ha s e d  ener gy consump t ion in thi s way , t h i s  may no t b e  the 
ca s e  fo r the pu l p  and paper indus t ry whe r e  s e c o ndary f i b e r s  now 
cont r i bu t e  about 23 p erc ent� Al t hough it i s  t ru e  t ha t  a g iven un i t  
o f pap e r  pro duct  made from recyc l e d  f i b e r  may r e qu ir e  l e s s  en ergy  
t han an e qu iva l en t  un i t  made  from pr imary wo o d  f i ber , the p r imary 
fiber o p e r a t i o n s  o b t a in a l arg e pro p o r t io n  of  the i r  energy  from 
the i r  own pro c e s s  wa s t e s , such a s  sp ent pulp ing l i quo r and b a r k . 
A typ i c a l  kra f t  l ine rbo ard m i l l , for examp l e , o b t a i n s  s ome SO p e r ­
c ent o f  i t s  energy r e qu i rement s  fr om the s e  s o ur c e s . Some o f  the  
newer m i l l s  o b ta in upwards  of  7S p e r c ent . 

Re c en t  Ame r i can Pap er I n s t i tu t e  surveys  o f  energy  consump t ion 
in the pul p  and pap e r indus try have s hown t ha t t he e ne rg y  r equ i r e d 
in p l an t s  manufa c tur ing recyc l e d  pap erbo a r d  ave r a g e d  1 9 . 4  m i l l i o n  
B TU ' s p er s ho r t  ton , c ompared  w i t h  an ave r a g e  o f  29 . S  m i l l i o n  BTU ' s 
p e r  s ho r t  ton fo r pr ima ry l ine rbo ard m i l l s . But  s in c e  abo u t  SO p e r ­
c ent o f  the ener g y  con sume d in the p r imary m i l l s wa s g ener a t e d  from 
proc e s s  wa s t e s , the  n e t  energy demand from pur c ha s e d fo s s i l  fue l s  
averag e d  only 1 4 . 8  mi l l ion BTU ' s  p e r  s ho r t  t o n . I n l ig ht o f  the s e 
da ta , i t wou l d  app ear  t ha t  whi l e  pr imary f ib e r  pro duc t i o n  r e qu i r e s  
mo r e  t o t a l  ene rgy , i t  make s l e s s  o f  a demand o n  fo s s i l - fue l supp l y  
than s e co ndary f i b e r . 

Fue l  and Energy App l ic a t ions  

The pulp and paper  indus try ut i l i z e s  fue l and power i n  t he fo rm 
of e l ec tr i c i ty , s t e am and d i r e c t  he a t  for  drying . F ig u r e  4 i s  a 
diagram o f  a t yp i c a l  kra f t  pap e r  m i l l  ( r e f e r  to f igure fo r numb e r  
r e f e r e nc e s )  . 

E l e c t r i c i ty i s  u s e d  i n  t he fo l l�wi .ng p ro c e s s es : 

(1) 

(2) 

( 9) 

Barking - - a s  t h e  pulpwo o d  ent e r s  t he m i l l , r evo l v ing bark­
ing drum s  r emove the  bark . 

Chipping - - th e  d e b a r k e d  pulpwo o d  i s  m e c han i c a l l y  chipp e d  
into sma l l  p i ec e s , whi c h  then g o t o  t he d ig e s t er , whe r e 
the f i be r s  a r e  s epara t ed . (Grinding - - wh e r e  g r o un dwo o d  
pul p i s  r e qu i r ed t he debarked p u l pwo o d  i s  me c han i c a l l y  
g round t o  s ep ar a t e  t h e  f i b e r s . )  

Paper Maahine - - £ i b er , p a s s ing ov e r  scr e en s  and t hroug h 
pr e s s e s , i s  made int o p ap er . 

S t eam i s  u s e d  in  the fo l l owing p roce s s e s : 

(3) 

(4) 

Digester - - wo o d  c h ip s , s t raw , co t to n  and o t her f i b ro u s  ma ­
ter i a l s  a r e  mixed with  chem i ca l s and s t e am hea t  i s  app l i e d  
to s e p ara t e  the  f ib e r s  a n d  pro duce pul p . 

Washing - -the  l ig n i n  and pu l p ing chem i c a l s  are  s ep a r a t e d  
from .fi b er s . 
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(5 , 6)  Evaporation-- wat e r  i s  r emoved from weak s p e n t  pulp i ng 
l i quo r s o  tha t  i t  can b e  burne d .  

(7) Rec o v ery P Zant--pulp ing chem i ca l s  a r e  r emoved  from t he 
spent pul p ing l i quo r s . The s e  c hem i c a l s a r e  r eu s e d  for  
f i ber s epara t i o n . 

( 8 ) Rec austi cizing - - r e fo rma t ion o f  the  l ime u s ed i n  c hem i c a l  
r ec ov ery . 

( 9) Paper Machine - -s t eam i s  u s e d  to dry t he p ap er . 

F ina l l y ,  d i r e c t  hea t i s  a l so u s ed in t h e  f l a s h  drying o f  paper . 

Mec han i c s  o f  Energy C o n s erva t i o n  

T he r e  a r e  many e n e r g y  saving app roac he s whi ch a r e  app l i ca b l e 
thr oug hout t he pro c e s s  i ndu s t r i e s , tho se  whi c h  app l y  t o  t h e  pulp 
and pap er indu s try alone a r e: 

• Imp r ovement o f  t ec hn i qu e s  and p r ac t i c e s whi c h  d e c r e a s e  broke 
(unusab l e  pap er) , m in im i z ation o f  g r ad e  c hang e s  on t he p a ­
p e rmak ing ma c h ine s , and increa s e  pulp y i e l d s . 

• Avo i dance o f  overdrying pap er . A 1 p er c ent dec rea s e  i n  
mo i s tur e cont ent a t  the d r y  e n d  o f  the  p ap e r ma c hine c an 
r e qu i r e  almo s t  3 perc ent mo r e  s t e am . 

• Increa s e d  e f f ec t ivene s s  o f  t he p r e s s  s ec t i o n . A 1 p e r c ent 
av erag e d e cr ea s e  in mo i s tur e delive r e d  t o  t he drye r s  by the 
pr e s s  s ec t i o n . c an be  achi eved  by va r io u s  c o n t ro l  me t ho ds  
and/o r pr e s s  impr ovement s . B e c au s e  mo i s tur e l ev e l  i s  of  t he 
order  o f  6 0  p erc ent a t  thi s po int , n e t  s t eam s av i ng s i s  up ­
war d s  o f  5 p er c ent o f  the s t eam u s e d  in  t he drye r s . 

• U s e  o f  ho t exhau s t  a ir from g a s  turb i n e s f o r  paper  drying . 

• I ncr e a s e d  u s e  o f  wo o d  r e fus e and o t he r  s o l i d  wa s t e s  a s  fuels . 

• Improvement o f  wa t er po l lut i on ab a t ement p r o c edur e s . T h i s  
c a n  m e a n  sub s tant i a l  sav ing s o f  hea t i f  app r o a c he d  v i a  r e ­
duc t io n  o f  fr e s h  wa t er usag e t hroug h r e cy c l ing and can 
a c h i ev e  p l antwide s t e am sav ing s o f  up t o  1 0  p e r c ent .  

• Improvement o f  p r oc e s s vent i l a t i on m e t ho ds . Fo r examp l e , 
t he c l o s ed paper mac hine ho o d  ac h i eve s  a 5 to 1 0  p e r c ent  
s t e am sav i ng by u s i ng l e s s  a i r  t o  vent  t he evap o r a t e d  mo i s ­
tur e . I n  c o l d  clima t e s , the e l evat e d  t emp eratur e s  wh i c h  
r e sul t from c l o s ing the ho o d  pr e s en t  opp o r t un i t y  f o r  l e s s  
he a t  r eclamat ion b y  e conom i z er s  and r e sult i n  even g r e a t e r  
sav ing s . 

S ho r t - Term Con s e rva t i o n  Po t en t i al 

The Raw Ma t e r i a l s and Energy Div i s io n  o f  t he AP I , i n  co op e r a ­
t i o n  w i t h  t he T e c hn i ca l  A s s o c i a t i o n  o f  the Pul p  and Pap e r  I ndu s t ry 
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( TAPP I ) , f o rm e d  a C omm i t t e e  for t he Con s e rva t i o n  o f  Ene r g y  e ar l y  in 
1 9 73 . I n  Oc t o b er o f  t ha t  year , the Comm i t t e e  pub l i s he d  a p amp hl e t  
ent i t l ed 2 1  Wa y s  to Save En e rgy , whi c h  l i s t e d en e r g y  s av ing s t ep s  
and c i t e d  a 7 p erc ent r educ t ion  i n  t o t a l  ene r g y  co n s ump t i o n  p er un i t 
o f output a s  a r e a s o na b l e g o a l  for  mo s t  pulp and pap er m i l l s .  

S ince th e Arab o i l  emb argo  was i n i t i a t e d in  O c t ob er 1 9 7 3 , many 
comp an i e s  h ave rep o r t e d  a ch i e v ing s av i ngs o f  from 10 to 1 2  p ercent  
in purc ha s e d  energy c o n sumed p er ton  o f  o utput . W i th a dd i t i onal  
cap i ta l  inv e s tment s , s ome c omp an i e s  in  the  indu s t ry may b e  a b l e  t o  
r e ac h saving s o f  20  to  25  p er c ent b y 1 9 7 8 . Howeve r , fo r t he indu s ­
try a s  a who l e , po t ent i a l  s av ing s  o f  1 5  p e r c en t  p er uni t  o f  output 
are  proje c t ed . 

One imp o r tant  a s p e c t  o f  t he r ep o r t e d  r educ t i o n s  in  pur c ha s ed 
energy r e qu i r ement s i s  the  imp l i c a t ion fo r ene r g y  o b ta i n e d  from 
t he p ap er indu s try ' s o wn p r oc e s s  was t e s .  ·wh i l e  t hi s  s o ur c e  o f  en ­
e rgy wa s proj e c t e d  t o  me e t  39 . 1  perc ent o f  the  indu s t r y ' s  t o t a l  
energy r e qu i r ement s in 1 9 7 6 , the s ig n i f i cant r e du c t io n  i n  p ur cha s e d 
energy c o n s um e d  may mean t ha t  t hi s  pro po r t i o n  ha s a l r e a dy b e en 
reached . W i t h  fur t he r  c on s e rva t i on o f  purc ha s e d  fue l s , t he r e l a t ive 
energy cont r i bu t i on of  proc e s s  wa s t e s  w i l l i n c r e a s e  s t i l l  fur t her . 

ALUM I NUM I N DUS TRY 

Con s erva t i o n  Emp ha s i s  

Alum i num p r o duc t io n  i s  highly energy i n t en s ive . B a s i c  o p era ­
t io n s  w i th i n  t h e  a l um inum i ndu s try c o n s i s t  o f  m i ning , r e f i n ing , 
sme l t ing and m i l l p r o du c t s fabr i ca t i o n . Howeve r ,  s inc e muc h o f  t he 
baux i t e  m i ning i s  conduc t e d  out s ide  o £ t he Un i t e d  S t a t e s , and do e s  
no t o f f e r  d ome s t i c  energy c o n s e rvat ion po t en t i a l , t h i s  p ha s e  o f  the 
indu s t ry ' s op erat i o n s  ha s no t b e en included  i n  t h e  ana l y s i s . 

Natural  g a s , propane , fue l o i l , e l ec t r ic i ty , c o a l  and g a s o l ine 
a r e  u s ed i n  pro duc t io n  p l ant s wi th na tura l g a s  t h e  m ajo r none l e c t r i c  
sour c e  o f  energ y . Exc l uding e l e c t r i c  powe r  fo r sme l t ing , natur a l  
ga s  ( on  a B TU-ba s i s ) r epr e s ent s over 75  p e r c e n t  o f  t he e n e r g y  con ­
sume d . E s t ima t ed d i s t r ibut ion  o f  energy c o n s ump t i o n  by b a s i c  o p e r a ­
t io n  i s  s ho wn b e l o w: 

Re f i n i ng 
Sme l t ing 
Mi l l  P r o duc t s  F ab r i ca t i on 

To t al 

None l e c t r i c a l  
Energy 

( B TU-B a s i s ) 

5 5 %  
25 % 
20 % 

1 0 0 %  

E l e c tr i c a l  
Energy  

( KWH-Ba s i s )  

5 %  
9 0 %  

5 %  
1 0 0 %  

Re f i ning o p era t i o n s  u s e  p r o c e s s  s t e am and pro c e s s  he a t  fo r 
r e f ining and fa b r i c a t i ng p lant s by  e l imi na t ing unne c e s s a ry l i g ht ing . 
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Al so , imp rov ement s i n  op e r a t ing schedu l e s  and shut d own s o f e l e c t r i c  
mo to r s  when no t requ i r e d  have r e sul t e d  in  r e duc e d  e l e c t r i c  power 
c on sump t ion . 

Mec han i c s  o f  Energy  C o n s e rva t ion 

I nd iv i dual comp an i e s  in the  a l uminum indu s t r y  have comm i t t e d  
t o p  manag ement and t e c hn i c a l  p er s o nne l and majo r f inanc i a l  r e sour c e s  
t o  energy c o n s e rva t i o n . S p e c i f i c  obje c t ive s  have b e en s e t f o r  en ­
ergy con s erva t i o n  p r o g r ams  wi t h  s p e c i a l  empha s i s  p l ac e d  o n  fue l s 
u s e d  for  p r o c e s s  hea t  and s t e am g enerat i o n . B y - p r oduc t s  a r e  ut i ­
l i z ed wher ever  p o s s ib l e ,  a s  in  t he ca s e  o f  r ec l a im i n g  and r e u s ing 
of ro l l ing o i l and o the r o i l s  and lub r i cant s .  

A c on s i derab l e  amount o f  energy i s  b e ing c o n s e rv e d  b y  improved  
oper a t i on , surve i l l anc e and  ma int enanc e of  ex i s t ing p l an t s and o f ­
f i c e s . E l e c t r i c a l  consump t ion ha s b e en r e duc e d  by l owe r ing i l lum i ­
na t io n  l ev e l s . S p ac e comfo r t  cond i t io n i ng ener g y  r e qu i r ement s have 
b e en r educ e d  b y  l owe r i ng o r  ra i s ing the rmo s ta t  s e t t ing s i n  the 
hea t i ng or co o l i ng s ea s ons . I n t e n s i f i ed commun i ca t i o n  p r o g ram s  
h ave s t imul a t e d  emp l oy e e  p a r t i c ip at i on p ract i ce s  which h ave extended 
b eyond the job t o  in cre as e d  us e of  car - p o o l in g . 

Lar g e  cap i ta l exp end i tur e s  have b e en made i n  maj o r  e ffo r t s  t o  
ach i ev e  s i g n i f i c an t  energy s aving s . Examp l e s  o f  t he s e  e f fo r t s  i n ­
clude : 

• I n s ta l l a t i o n  o f  f l a s h  c a l c ining e qu i pment t o  r ep l ac e  l e s s  
energy e f f i c i en t  conv ent i onal  c a l c i n e r s . 

• Recovery , p r o c e s s ing and r eu s e  o f  r o l l i ng o i l  and o ther o i l s  
and lubr ican t s . 

• Rep l a c ement o f  mercury - ar c r ec t i f i e r s  wi t h  s i l icon d i o de 
r ec t i f i e r s . 

• I n s ta l l at i o n  o f  a i r  cur t a in damp e r s  o n  me l t ing furna c e s . 

• Improvement o f  therma l e f f i c i ency o f  me l t ing furnac e s  by 
b e t t e r  furna c e  de s ign  coup l e d  wi t h  p r e he a t i ng combu s t i o n  
a i r  and p r o duc t s  to  b e  m e l t e d . 

e I n s ta l l a t i on o f  equipment to p ro du c e  n i t r o g en f r om the  a t ­
mo spher e to cons erv e  natur a l  ga s u s e d  t o  f i r e  i n e r t  a tmo ­
spher e  g enera t o r s . 

• Conver s i on o f  p r oc e s s  furna c e s  and s t e am bo i l e r s  f r om g a s 
t o  o i l . ( De s i g n  u sua l l y  p r e c lude s conve r s i o n  to co a l . ) 

• Ut i l i z a t i o n  o f  exhau s t  wa s t e  hea t  from ex i s t ing furnac e s  
fo r spa c e  hea t ing o r  o ther p r o ce s s  u s e s . 
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Recyc l ing o f Alum inum S c rap 

Re cyc l e d  a lum i num s crap ha s b e en an imp o r t ant ma t e r i a l  s upp l y  
sour c e  and i t  ha s provided  s i gn i f i c ant  energy saving b e caus e  a l um i ­
num c an b e  r e c yc l ed to  the mo l t en s t a t e  fo r o n l y  5 p er c en t  a s  muc h  
ene rgy a s  i t  t a k e s  t o  make v irg in a l um inum . T he s c r ap c an b e  r e ­
cyc l ed an ind e f i n i t e  number o f  t ime s . 

Rec overy  o f  new s c r ap and o l d s c rap ove r  t he pa s t  decade  ha s 
been  about 2 2  p e rc ent  o f  dome s t i c  ingo t supp l y , vary ing bo t h  above 
and b e l ow t h i s  ave r ag e . In  1 9 7 2 , approx ima t e l y  1 . 1 7 3  m i l l io n  ton s 
o f  me t a l  wer e  r e c ov e r e d  f rom s c r ap , o r 1 9 . 4  p e rc ent o f  t he to t a l  
U . S .  supp l y  o f  6 . 0 5 6  m i l l io n  tons . P r e l im inary dat a f o r  1 9 7. 3  indi ­
ca t e  t hat 1 . 1 8 6  m i l l i o n  tons  wer e  r e cov er ed - - about  1 6 . 9  p e r c en t  o f  
to tal  supp l y  o f  7 . 0 2 3  m i l l ion  tons . The l ower p er c en t a g e i n  1 9 7 3  
wa s caus e d pr inc ip a l ly by t he r e l e a s e  o f  7 3 0 t ho u s a nd t o n s  o f  
al um inum ingo t from t he s t r a t e g i c  s to c kp i l e . Ex c lud i ng t he s upp l y  
from s to c kp i l e , s e c ondary r ecovery amount e d  t o  abo u t  1 9  p er c en t  o f  
to t a l  no rma l supp l y . *  

New s cr ap fo rms the l arge r p o rt i on o f  s e condary re cove ry ; i t  
i s  c l o s e ly re l at e d  t o  the vo l ume o f  s hipments o f  mi l l  p ro duct s and 
cas t ings  t o  p l ants  making end product s o f  aluminum . O l d  s crap i s  
re cove re d from me t al th at h as b e en us e d  b y  cons ume rs , and the avai l ­
ab i l i ty o f  s uch s cr ap dep ends upon varying l i fe - cy c l e s  o f  p r o duct s 
us ing aluminum- - from b eve r age c ans with  l i fe - cy c l e s  o f  only a few 
months to b ui l di n g  app l i c at i ons w i th l i fe - cy c l e s  o f  s co r e s  o f  ye ars . 
F o r  examp l e , an e s t imat e d  1 . 6  b i l l i on a l l - a l uminum c ans  w e r e  return ­
e d  t o  re cy c l i n g  cente rs th rough o ut the U . S .  in  1 9 7 3 .  Th i s  r ep re ­
sents  a re c o rd 6 8  mi l l i on poun ds o f  cans - - an incre as e o f  2 8  p e rcent 
ove r  the 5 3  mi l l i on p o un ds of al l - aluminum c ans re c l aime d in 1 9 7 3 . 
Al l t o ge the r , 1 o ut o f  7 a l l - aluminum cans p urch as e d  by cons ume rs 
in 1 9 7 3  were  re c l aime d .  

S ho r t  T e rm C o n s erva t ion  P o t ent i a l  

Approx ima t e l y  two - th irds  o f  t he to t a l  ener g y  c o n s um e d  b y  the  
a lumi num indu s try i s  r epr e s ent e d  by e l e ct r i c  powe r  and carbon p r o d ­
uct s u s ed i n  the  sme l t ing p r o ce s s . Whi l e  sma l l  e l e c t r i c a l  s av ing s 
can b e  r e a l i z ed by c hang ing r e c t i f i e r  equ ipment , maj o r  p ower r e duc ­
t io n s  from new sme l t e r s  ar e  no t exp e c ted  unt i l  l a t e  in  t he 1 9 7 4 -
1 9 7 8 p er i o d  or beyo nd . Carbon produc t s  u s e d  f o r  ano de s and c a t h ­
ode s in t he e l e c t ro l yt ic sme l t ing pro c e s s o ff e r  l im i t e d  o pp o r tuni ­
t i e s  f or energy sav i ng s . Almo s t  a l l  ene rgy s a v ing s wi l l  cont inue 
to r e su l t  f r om c o n s e rva t i on of fo s s i l  fue l s  u s e d  f o r  s t e am g en e ra ­
t i on ,  and p r o c e s s  and spac e heat . B a s ed o n  t o t a l  ener g y  con sume d 
p e r  uni t  o f  pr o duc t io n  dur ing 1 9 7 2 , t he a l um i num i n du s t ry s houl d 
r ea l i z e  a 5 p ercent  s av ing s _ in to t a l  energy i n  1 9 7 8 . 

* The 1 9 7 2  and 1 9 7 3  f igur e s  a r e  from t he U . S . B ur eau o f  Mine s 
and ar e  ex c lu s ive o f  "run - around " s c r ap c o n s umed  by  p r o du c er s and 
s emi - fab ri cat o rs in the aluminum indus t ry . I t  is b e l i eve d th at th e 
Bur e au o f Mine s da ta  p r obably under s ta t e  " r e a l " r e covery by ab ou t  
1 0  p er c ent . 
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AUTOMOB I LE MANUFACTURI N G 

Energy c o n sump t i on by U . S . automo b i l e  manufactur e r s  t o t a l s 
appro x imat e l y  o n e - ha l f  quadr i l l ion BT U ' s p er year , o r  2 p er c ent o f  
to ta l d i r e c t  indu s t r i a l  energy con sump t io n . A l t ho ug h  t h i s i s  a n  
orde � of magn i tude sma l l er t han t he o t her indu s t r i e s  eva lua ted he r e  . ' 
1 t  r epr e s ent s a f o rm o f  energy usag e t ha t  can b e  e a s i l y  r e l a t e d  to 
o t her manufac tur i ng o r  f abr i cat ing indus t r i e s , such as app l ianc e s , 
boa t s , m ob i l e  hom e s , o f f i c e  furn i tur e ,  t oys , e t c . I n  t he s e  fabr i ­
cat ing indu s t r i e s , energy mana g ement i s  a s  imp o r t ant a s  i t  i s  in 
aut omo b i l e  manufac tur ing . 

Mechani c s  o f  Energy C o n s e rvat i on 

One maj o r  automo b i l e  manufacture r ha s dev e l op e d  an Ene r g y  
I ndex a n d  Go a l s P r o g r am whi c h  may b e  app l i c ab l e  to any fabr i c a t ion 
and a s s embl ing o p e ra t i on . T he sys t em ca l cu l at e s  the  t ot a l  ene rgy 
ut i l i z ed p er uni t  of output . Us ing the s ys t em , g o a l s c a n  b e  s e t  
and p r og r e s s  towar d s  m e e t ing the s e  g o a l s  c an b e  m e a sur e d . Pr o g r am s  
s u ch a s  the s e , re ly on ene r gy cons e rvat i on me as ure s wh i ch c an b e  en ­
act e d  rap i dly w i th  l i t t l e requi rement fo r engine e ri n g  and re des i gn . 
The s e  me as ure s i n c l ude : r e duc ing h e at w as t e , b et t e r  us e o f  l i gh t ing  
faci l i t i e s , mo re e ffe c t i ve ope r at ion o f  h e at in g  and ven t i l at in g  sys ­
t ems , imp rove d p ro c e s s cont ro l , and b e t t e r  des i gn and ut i l i z at i on 
o f  e l e ct ri ca l  e quipment and sys t ems . 

T he l ong e r - run r e a r r angement or mo d e rn i z a t i o n  o f  ex i s t ing 
fac i l i t i e s  o ff e r s a dd i t i ona l maj or  ene r g y  s av i n g s .  Some o f  t he s e  
mea sur e s  whi c h  a r e  r e l evant for a l l  g enera l manufa c tur ing indu s t r i e s  
include : 

• Enc l o sure  o f  s hipp i ng do c k s  and v e s t i bul e s  in l i eu o f  l a r g e  
t r a f f i c  doo r s . ( Do o r he a t e r s  a r e  g ener a l ly ine f f e c t iv e  and 
u s e  larg e quant i t i e s  of energy - -u s ua l l y  na tura l g a s  whi c h  
i s  i n  s ho r t  supp l y . ) 

• S i z ing o f  e qu ipment for  f l ex i b i l i ty in turnarounds  and 
s hutdown s  dur ing l ow - o r  nonproduc t iv e  p e r i o d s  whe r e  p r ac t i ­
c a l . 

• App l i c a t ion o f  add i t iona l  insul a t i o n , p ar t i cu l a r ly o n  over ­
hea t ed ext e r i o r  sur face s ,  outdo o r  h e a t ing duc t s , co n den s a t e  
p ip ing , e t c . 

• Reu s e  and/ o r  r e cyc l ing sc rubb e r  exhau s t  a i r . 

• Recovery o f  h e a t  and r eu s e  o f  wa s t e d  pro c e s s  ex hau s t  he a t  
f or hea t i ng combu s t ion a ir ,  p r e h e a t ing t h e  p r o du c t  and/ o r  
bu i l d ing he a t . ( Dev i c e s suc h a s  s t a t i onary and r o t a t ing 
a i r - to - a i r he a t  exchang er s and pa s s ive heat  p ip e s  a r e  ava i l ­
ab l e . )  

• App l i c a t ion  o f  capac i to r s at t he l o ad fo r powe r  fac t o r  
c o rr e c t io n . 
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• App l i ca t i on o f  peak - demand c on t ro l s  fo r l arg e  b l o c k s  o f  
e l e ct r i c a l  l o ad s , g a s - fi r ed p r oc e s s hea t ing e qu ipment , e t c . 

• App l i c a t ion  o f  mon i t o r ing and c on tr ol s an d/ o r  t he add i t i on 
o f  ene rg y  and produc t i on me a s ur ing , mon i t o r ing , e t c . ,  
c ap ab i l i ty t o  p ro ce s s  comput e r s . 

S hor t - Term C on s erva t ion  Po t en t ial  

T he automo t iv e  indu s t ry e s t imat e s  t ha t  fo r t he s ho r t - t erm 
p e r i od o f  1 9 7 4  to 1 9 7 8  ( u s lng 1 9 7 2  a s  the b a s e  p e r i o d) , a  r e duc t i on 
in energy con sump t i o n  o f  about 1 0  p e r cent  p er uni t  o f  outRut can 
be  achi eved b y  c on s e rva t ion measur e s  and a dm in i s tr a t iv e  cont ro l s . 
Maj or eng i n e e r ing and p r o c e s s  c hang e s  to  ex i s t ing op e ra t i o n s  a r e  
no t  ant i c ip a t e d  in t he s ho r t  t er� ,  e s p e c i a l l y  fo r t ho s e  s e c t o r s  o f  
t he indu s try t ha t u s e  energy a s  a r aw ma t e r ia l . 

I N DUS TRIAL BO I LE RS 

Ove r  2 0  p e r c en t  o f  a l l  the ene rgy c onsumed in t he Uni t e d  
S t a t e s , o r  1 5  quadr i l l i o n  B TU ' s per year , i s ut i l i z e d i n  the  fo rm 
o f  p ro c e s s  s t e am f o r  i ndu s t r y . S inc e pr�c t i ca l l y  a l l  o f  t h i s s t e am 
i s  g ene r a t e d  i n  indu s t r i a l  d i r e c t - f i r e d  bo i l e r s , the opp o r tuni t i e s  
for energy c o n s e rvat i o n  i n  bo i l er s  mer i t  sp e c i al at t ent ion . 

An analys i s  o f  bo i l e r  s a l e s  dat a  by t he Ame r i c an B o i l e r  Manu ­
fac tur er s As so c i a t i o n  s hows the fo l l owing b r e a kdown o f  b o i l e r  u se r s 
by indu s try : 

I n dus t ry  

C hem i c a l  and Al l i e d  Pro du c t s  
Pap er a n d  Al l i e d  P r oduc t s  
P e tro l eum Re f in ing and Re l a t ed I ndus t r i e s 
Foo d  and K indr ed Pro duc t s  
E l e c t r i c  Ut i l i t y - -No ng enerat ing U s e  
Mi s c e l l aneous Manufac tur ing 
P r imary Me t a l  I ndu s tr i e s  
Tex t i l e  Mi l l  Pro duc t s  
Transpo r t a t ion E qu ipment 
Lumb e r  and Woo d Pr o duc t s  
Rub ber  P r o duc t s  

To t a l  

P e r cent  o f  U s e 

1 9 . 0 % 
1 7 . 5 % 
1 3 . 3 % 
1 2 . 3 %  

9 . 4 % 
8 .  0 % 
6 . 0 % 
5 . 0 % 
4 . 5 % 
3 . 0 % 
2 . 0 % 

1 0 0 . 0 % 

Thi s t abul a t i on r eve a l s the indu s t r i e s  in whi c h  energy c o n s e r ­
vat i on throug h  improved bo i l er op e r a t i on can b e  mo s t  s igni fi ­
cant . Re duc t i o n  o f  input ene rg y  u s e d  f o r  s t e am o r  ho t wa t e r  
g en er a t i on c a n  b e  achi eved b y  in�t i tu t i ing o r  imp r ov ing the  
fol l owing p r oc e s s e s  o r  c ontro l s . 
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• L o adi n g  PaPam e te P s  Ve P s u s B o i Z e� s  i n ·  Op e P a t i o n : An ana ly s i s  
o f  s t e am f low m e t e r s s hould  be made in  r e l a t i on to t he to t a l  
bo i l er p l ant output and ind iv idual un i t  output . Op e r a t ing 
sc hedu l e s c an then be arrang ed so  that ou tput o f  b o i l e r s  on 
the l ine ma t c he s s t eam demand ,  a s  c l o s e ly as p o s s ib l e , and 
the number of un i t s  f ired  at l e s s  t han o p t imum r a t e  i s  
minim i z ed . 

• Regu l a t i o n  of Op e Pa t i ng Cy a Z e s : Whe r e p o s s i b l e , lo a d s  
s hould be s che du l ed or adj u s t e d  s o  that b o i l e r  op e r a t i on a t  
t he op t imum r a t e  c an b e  achiev e d  and on/ o ff cyc l i c  o p e r a t i o n  
i s  minim i z ed 

• Com b u.s t i o n  Ra t e  Co n tP o Z :  Us e of c ombu s t i on r a t e  cont ro l 
equipment s hould b e revi ewed s o  t ha t  input r a t e  t r a c k s  l o a d  
demand , and o n/ o ff cyc l i c  op e r a t i on i s  r e duc e d  to  a n  
a b s o lut e m i nimum . T hi s may r e qu i r e r ep la c ement o r  mo derni ­
z a t i on o f  the  combu s t ion c ontro l sys t em or r e a dj u s tment to 
a s sur e b e s t  op erat ing c ondi t i on s . 

• Fue Z Se Z e a t i on an d P P e p a P a t i o n : Wh i l e  th e p r imary f ue l us e d 
s hould  b e one recommende d by the uni t  manufactur e r  for  mo s t  
e f f i c ie nt fue l  ut i l i z at i on , cons i s t en t  w i t h  emi s s i on re ­
qu i r ement s ,  due cons i derat ion s hould  b e  g iven t o  the p o s s i ­
b l e  u s e  o f  wa s t e  fue l s a s  pr imary , a l t e rna t e  o r  supp l emental 
fue l s . The e qu ipment u s e d  for pr epara t i on o f  fue l  fo r burn ­
ing n e e d s  car e fu l  s tudy and che c k ing fo r adequacy and ad ­
j u s tment . For  examp l e , l i qu i d  fue l s  s hou l d b e  a t  t he 
cor r e c t  p r e heat  temp era tur e s and c o rr e c t  a t om i z ing p r e s sur e s  
fo r o p t imum burn ing . Add i t ional co a l  c l e an ing , s i z ing and 
pu lv er i z ing equipment , fue l  pre s sure r e gu l a t o r s  and sp e c i a l 
fac i l it i e s  needed f or wa s t e  fue l s may b e  r equ i r ed . 

• Fu e Z /A i P  Ra t i o  C on t P o Z :  A l l  modern b o i l e r  un i t s  in  the s i z e 
rang e s  di scus s e d  in t hi s  s e c t i on ar e  equipp ed w i t h  sys t ems 
of int e g r a t e d  dev i c e s  wh i c h  automat i c a l ly r e gul a t e  t he fue l 
and combu s t i on a i r  input s  to s a t i s fy t h e  r a t e  o f  he a t  demand 
from t he un i t s . T he s e l e c t ion o f  t he p a r t icul a r  typ e o f  
s y s t em s  l i s t e d  b e low depends o n a n  an a l y s i s  o f  the s y s t em 
l o a d ing and oper a t ing charac t er i s t i c s . The f o l lowing ar e 
sys t em s  from wh i c h  s e l e c t i o n s  may b e  made : 

- -On /O f f  S ys t em ( no t  re commende d  f o r  un i t s  in thi s c l a s s )  

- - Mo du l a t ing Contro l Sys t em 

- - Ful l Me t e r ing and Propor t io n ing Con tro l S ys t em . 

• Co n tP o Z o f  A ux i Z i aPy Sy s t e m s : Aux i l i a ry sys t ems an d  the i r  
ma intenanc e pro c edur e s  s houl d b e  r ev i ewe d t o  b e  sure t ha t  
i t em s  such a s  d e f e c t ive s t e am t rap s , p o o r  lubr i c a t i o n , bad  
b e ar ing s and/ o r  inop erat ive sub s y s t em s  do no t r e du c e  t he 
ov e r a l l e f f i c iency o f  opera t i o n . 
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• Wa t e r  Tre a tm e n t :  Prop er wa t e r  t r e a tment i s  n ec e s s a ry t o  
minimi z e  bo i l er outag e s , pro t e c t  the  uni t  and promo t e  h i g h  
h e a t  trans fe r  e f f i c i ency . I f  enc ru s t a t i o n s  o f  s ca l e  a r e  
al l owe d t o  ac cumul a t e , e ff i c i ency c an b e  d r a s t i ca l l y r e duced . 
A qua l i f i e d  wa t e r  consul tant s hou l d  b e  emp l o ye d  and h i s  r e c ­
omm enda t io n s  as t o s amp l ing p r o c e dur e , f equency and quant i ­
ty o f  t r e a tment s ho u l d  b e  car e fu l l y  f o l l o we d . 

• Ma i n t e n a n c e Sc h e du l e  and Re c o rd s : Ma in t en an c e  i s  t he k ey 
to ke ep ing a we l l de s igned and e f f i c i en t  s y s t em in p e ak 
op er a t ing cond i t ion . The maint enanc e  s che dul e and app ro ­
pr i a t e  che ck - o ff s he e t s  and r e c o r d  keep ing p r o c edur e s  mu s t  
b e  r e du c e d  t o  wr i t ing . I t  i s  t he manag emen t ' s r e spon s ib i l ­
i ty to b e  ab so lut e l y  sure t hi s  func t io n  i s  ca r r i e d  ou t . 
Re c o r d  keep ing i s  an impo r tant part  o f  th i s  o p e r a t i o n  and 
wi l l  enab l e  sup ervi s ing p e r s onne l  t o  spo t t r end s  and o f f ­
no rma l c ond i t i on s . 

Con s id e r a t i o n  s ho u l d  a l so  b e  g iven t o  equipment mo d i f i ca t ion 
and/ o r  r epl ac ement and t o  adding e quipment to max im i z e  o p e r a t ing 
e ff i c i ency . I n  t he p a s t , s uc h  chan g e s may no t hav e  b e en e conomi ­
c al l y  j u s t i f i a b l e but t he c urr ent i n s ecur e  fue l s upp l y  o ut l o o k  and 
hig her fuel  c o s t s  n ec e s s i t a t e  comp l e t e  r ev i ews o f  o p e r a t in g  econom ­
ic s . I t em s  t o  b e  con s i d e r e d  incl ude , but a r e  not  l im i t e d  to : 

• A i r  hea t e r s  

• Economi z er s  

• Fue l  burning s y s t em s  

• Combu s t ion con t ro l sys t ems 

• Operat ing in s t rument at ion 

• S o o t  b l o wing equipment 

• Feedwater s ystems 

• Wa t e r  t r e a tment equipment 

• I n s u l a t ion t o  minimi z e  l o s s e s  

• F e as i b i l i t y  o f  un i t  repl ac ement . 

Th e b e s t  de s i gn e d and ma in t a ined  s ys tem i s  in adequate wi thout 
we l l - t rained  ope r at i ng p er s onne l .  Con t i nuo us op e r a t o r  t r a in ing i s  
e s s ent i al t o  adj us t fo r p e r s onn e l  t urno ve r and t o  co r re c t  p o o r  op ­
era t ing hab i t s  tha t  may c r e ep into a we l l  p l anne d s ys t em . Coup l ed 
wi t h  a s ys t em fo r inspe c t ion and supervi s io n , thi s  t r a in ing w i l l 
en sure t ha t  the  s t e am g enerat ing uni t s  r ema in a t  p e a k  o p e r a t ing 
e f f i c i ency . 

The env i ronment a l  impac t o f  chang e s  in fue l  pat t e rn s  ha s t o  b e  
con s i d e r e d . When t he fue l supp l y s i tua t io n  i s  suc h t ha t  fue l  
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swi tching i s  ne c e s s a ry , the c o n s idera t i on o f  c l e anup equipment 
( e . g . , sc rubber s ,  mechan i c a l  c o l l e c t o r s , e l e c t r o s t a t i c  pr e c ip i tato r s )  
may b e  requ i r e d . C hang e s  in  NOx , SOx , pa r t i cul a t e s  a n d  v i s ib l e  
emi s s ions  s hou l d  b e co n s i d e r e d  a s  we l l  a s  the p r o b l em s  o f  s o l i d  o r  
l i quid wa s t e  d i spo s a l  from fue l burn ing . 

Reduc e d  em i s s io n s  a s  a r e sul t  o f  reduc ed fue l  c o n s ump t ion  and 
improved o p e r a t ing e f f i c i ency al so n e e d s  to be " c ranke d  int o " t h i s 
ca l c ul a t io n . Trade - o ff s b e twe en so l i d wa s t e  p o l l u t i o n  and a i r  emi s ­
s io n s  s houl d b e  c on s i d e r e d  when us ing wa s t e  fue l s .  Con s i d e r a t ion 
o f  all  the s e  fac to r s  and imp l ementat i o n  of  the dec i s io n s  w i l l r e ­
sul t in t he b e s t  s y s t em s o f  o p er a t ion  f rom a fue l  c o n s ump t i o n  po int 
of  v i ew . 

3 7 



----------------�---- - - - - - -- --- ---- - - - -



Appendices 





APPEND I X  A 

United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D .C .  20240 

In Reply Re fer To : July 2 3 ,  19 7 3  
AS-EM 

Dear Mr .  True : 

In his energy s t at ement of June 2 9 , the P res ident announced addit ional 
s t eps b e ing taken to conserve America ' s  fue l s upp lies and their use , 
and called upon privat e indus t ry to respond t o  the energy cons ervat ion 
dire ct ives with all the imaginat ion and res ource fulnes s that has made 
this Nat ion the richest on earth . 

In De cemb e r  19 72 , the Nat ional Petroleum Council s ubmit ted t o  me a 
comprehens ive s ununary report on " U . S .  Energy Outlook , "  the s upport in g  
detailed t ask force reports b eing now received f o r  each fuel a s  com­
plet ed . The results o f  this exhaus t ive work done by the energy indus­
tries has been of maj or value to the Department and other agencies o f  
Governmen t ,  shedding considerab le light o n  the U . S .  fuel supply s itu­
at ion in part icular . 

In order to further as s i s t  us in as sessing the p at terns o f  future U . S .  
energy us e , the National Petro leum Council is reques t ed to c onduct a 
study which wo uld analyz e and report on the p o s s ib i li t ies for energy 
conse rvat ion in the United St ates and the impact o f  s uch measures on 
the future energy posture of the Nat ion . 

You are re ques t ed to s ubmi t  a progress report by January 1 ,  19 7 4 . 

Mr . H .  A. True , Jr . 
Chai rman 
Nat i onal Petroleum Counc il 
16 25 K S t ree t , N .  W .  
Washington , D .  C .  20006 

S incerely yours , 

_;{:/ w L�A�.-
;ic�� o f  the Int erio r 
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APP ENDI X  B 

The fo l l owing  indus t ry rep res ent at i ve s  h ave p a rt i c i p at e d  i n  t h i s  
Ene r gy Cons e rvat i o n  S tudy .  

INDUSTRIAL TASK GROUP 
OF THE 

NATIONAL PETROLEUM COUNCIL'S 
COMMITTEE ON ENERGY CONSERVATION 

CHAI RMAN 

Harvey L .  F ran z e l  
Manage r Ene rgy and 

Ut i l i t i e s  P l ann ing 
Manufa c tur ing 
She l l  O i l  Comp any 

VICE CHAIRMAN 

Dr . Edgar N. Brightbill 
Director , Planning 
Ene rgy and Mat e r i a l s Dep ar tment 
E .  I.  duPont de Nemours & Co. , Inc. 

COCHAI RMAN 

Dr . Quen t in L o oney 
Chi e f  P r o g r am Deve l opmen t  

and Evaluat i on B r an ch 
Ene r gy C on s e rvat i o n  D iv i s i o n  
U . S .  Dep ar tment o f  C omme rce  

SECRETARY 

Peter J .  C ov e r 
C omm i t t e e  C o o rd in a t o r  
Nat ional P e t r o l eum C ounc i l  

* * * * * * 

Stanley M. Berman 
Committee Executive 
National Resources Management 

and Conservation Committee 
National Association of Mfrs. 

Gerald L. Decker 
Ut ilities Manager 
Petroleum Products & Services 
Dow Chemical USA 

Roger S. Holcomb 
Manager of Engineering 
Amoco Oil Company 

William Marx 
Manager 
American Boiler Manufacturers Assn. 

Dwight L .  Miller 
Assistant Area Director 
Nor thern Regional Research Lab. 
Agriculture Research Service 
U. S. Department o f  Agricultu re 
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Henry E .  M i l l e r  
As s i s tant V i c e  P r e s i dent 
Engine e r ing and C ons t ruc t i on 
Armc o S t e e l  C o rp o r a t ion 

Gus G. Pappas 
Sen i o r  S t a f f  Eng ine e r  
Environmental Activities S t af f  
General Mo t o r s  C o rp o r a t i on 

Dr. C. J .  Potter 
Chairman 
Rochester & P i t t s burg h  C o al C o . 

William H . Sherw o o d  
Senior Staf f  Buy e r  
Aluminum Company of Ame r i ca 

Dr . Rona l d  J .  S l inn 
V i c e  P r e s ident  
Pulp and Raw Mat e r i a l s  
Amer ican Paper Institute 



NAT I ONAL PETROLEUM C OUNC I L ' S  
COMMI TTEE ON ENERGY CONSERVAT I ON 

CHA I RMAN 

Maur i c e  F .  G r anv il l e  
C h a i rman o f  the B o ard 
T exaco  I nc . 

VI CE CHAI RMAN 

C .  H .  Murphy , Jr . 
Chairman o f  the Bo ard 
Murphy O i l  C o r p o r a t i on 

EX OFF I C I O  

COCHA I RMAN 

C .  K ing Mal l o ry 
Deputy As s i s t an t  S e cr e t ary 

for Ene r gy and Mine r a l s  
U . S .  Dep ar tment o f  I n t e r i or 

SECRETARY 

V incent  M .  Br own 
E x e cut ive D i r e c t o r  
N a t i onal P e t r o l eum C ounc i l  

H .  A .  True , Jr . 
Cha i rman 
Nat i onal P e tro l eum C ounc i l  
c / o  True O i l  C omp any 

* * * * * * 

Jack H .  Ab ernathy 
P r e s ident 
Big  C h i e f  Dr i l l ing Comp any 

Howard W .  Bl auve l t  
Ch a irman o f  the  Board 
Cont inen t a l  O i l  C omp any 

H .  B r i dg e s  
P r e s ident 
She l l  O i l  C omp any 

C o l l i s  P .  C handl e r , Jr . 
P r e s i dent 
Chand l e r  & As s o c i a t e s , I n c . 

0 .  C .  Dav i s  
P r e s ident 
P e op l e s  G a s  C ompany 

Rob e r t  H .  Gerde s 
Chairman o f  the Execut ive 

C omm i t t e e  
Pa c i f i c G a s  and E l ec t r ic C omp any 

John W .  Han l ey 
P r e s ident 
Mon s anto C omp any 
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F .  Dona l d  Ha r t  
P r e s ident 
Ame r i c an Gas  As s o c i a t i on 

F r e d  L .  Har t l ey 
C ha i rman o f  the  Board 

and P r e s ident  
Un i on O i l  C omp any o f  C a l i fo rn i a  

H .  J .  Hayne s 
Ch a i rman o f  the  Board 
S t andard O i l  Comp any o f  C a l i forn i a  

P .  N .  Howe l l  
Cha irman 
Howe l l  C orpo r a t i on 

F r ank N .  I ka r d  
P r e s i den t 
Ame r ic an P e t ro l eum I n s t i tute  

Rob e r t  D .  Lyn ch 
V i c e  P r e s i d en t  
Nat i on a l  O i l  Fue l I n s t i tu t e , I n c . 

W .  F .  Mar t in 
Cha irman 
P h i l l ip s  P e tr o l eum C omp any 



Tommy Munro 
P r e s ident 

Thomas F .  S t ro o k  
S t r o o k , Ro g er s  & Dymon d  

Nat i onal  O i l  J obb e r s  C ounc i l , I nc . 

R .  E . Seymour 
Cha irman o f  the Bo ard 
Cons o l idat e d  Natura l  G as C omp any 

Rawl e i g h  Warne r , J r . 
Cha i rman o f  the Bo ard 
Mob i l  O i l  C or p o r a t i on 

C ha s . E .  Sp ahr 
Cha irman of the Board 
The S t andard O i l  C ompany (Oh i o )  

M .  A .  Wr i gh t  
C h a i rman and C h i e f  

Ex ecut ive O f f i c e r  
Exxon C omp any , U . S . A .  

POL I CY COMMI TTEE 
OF THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
C OMM I TTEE ON ENERGY CONSERVAT I ON 

CHAI RMAN 

Maur i ce F .  G r anvi l le 
Cha i rman o f  t he B o a r d  
Texaco I n c . 

V I CE CHA I RMAN 

C .  H .  Murp hy , Jr . 
Cha i rman o f  t he Board  
Murphy O i l  Corpor a t i o n  

Co l l i s  P .  Chandl e r , J r . 
P r e s ident 

COCHAI RMAN 

C .  K i n g  Ma l l o ry 
Deputy As s i s t ant S e c r e t ary 

f o r  Ene r gy and Mine r a l s  
U . S .  Dep a r tmen t  o f  I n t e r i o r  

SECRETARY 

V incent  M .  B rown 
Execut ive D i r e c t o r  
Nat i on a l  P e t ro l eum C oun c i l 

* * * * * * 

Fr ank N .  I k ard  
P r e s i dent 

C handl er & As s o c i a t e s , I n c . Ame r i c an P e t r o l eum I n s t i tu t e  

Rob e r t  H .  Gerde s 
Cha irman o f  the Exe cut ive 

Comm i t t e e  

Rob e r t  D .  Lynch 
Vice  P r e s i dent  
Na t i ona l O i l  Fu e l  

P ac i f i c  G a s  and E l e c t r i c  C omp any I n s t i tut e , I n c . 

G .  J .  T anker s l ey 
P r e s ident 
C ons o l idat e d  Natur a l  

G as C omp any 
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COORD I NAT ING  SUBCOMM I TTEE 
OF THE 

NAT I ONAL PETROLEUM C OUNC I L ' S  
COMMI TTEE ON ENE RGY CON SERVAT I ON 

C HA I RMAN 

R .  C .  McC ay 
V i c e  P r e s i dent 
Pub l i c Re l at i on s  & P e r s onne l  
Texaco I nc . 

COCHA I RMAN 

C .  K ing Mal l o ry 
Deputy As s i s t an t  S e cr e t ary 

f o r  Energy and Mine r a l s  
U . S .  Dep artment  o f  I n t e r i or 

SECRETARY 

V in cent M .  Brown 
Ex e cu t ive D i re c t o r  
Nat i onal  P e t r o l eum C ounc i l  

* * * * * * 
Dr . Edgar  N .  Br ightb i l l  
D i r e c t o r , P l ann ing 
E nergy & Mat e r i a l s  D ep a r tment 
E .  I .  duPont d e  Nemou r s  & C o . , I nc . 

Thomas H .  Bur b ank 
Vice  Pr e s ident 
Ed i s on E l ec t r i c  I ns t i tu t e  

C ha r l e s  H .  Bur g e  
An aly s t  
Sp e c i a l  Stud i e s  O f f i c e  
Murp hy O i l  C orp o r a t ion 

W.  R .  F ing e r  
S en ior  P l ann ing Sup e rv i s o r  
C o rp o r a t e  P l ann ing Dep artment 
Exxon C omp any , U . S . A .  

Harvey L .  Fran z e l  
Manager Ene r gy and 

Ut i l i t i e s  P l ann ing 
Manufactur ing 
She l l  O i l  Comp any 

E .  R .  Heyding er 
Manag e r , E conom i c s  D iv i s i on 
Mar a t hon O i l  C omp any 

John H .  L i chtb l au 
E x e cut iv e  D i r e c t o r  
P e tr o l eum I n du s try Re s e ar c h  

F ounda t i on , I nc . 

Rob e r t  D .  Lyn ch 
V i c e  P r e s ident 
Nat i ona l O i l  Fu e l  I n s t i tu t e , I n c . 

Howar d  A .  Mc K in l ey 
V i c e  P r e s ident  
N ew Bus ine s s  Dev e l opme n t  
We s t e rn Hem i sphere  P e t r o l eum D iv .  
C on t inent a l  O i l  C omp any 

R i chard J .  Mur dy 
V i c e  P r e s i dent  & Gene r a l  

Man ag e r  
CNG  P ro du c ing C omp any 

P au l  F .  P e t ru s  
Manag e r , E nv i ronment a l  A f f a i r s  
Mob i l  O i l  Corporat i on 

Du dl ey J .  Taw 
V i c e  P r e s ident , Marke t ing 
The E a s t O h i o  G a s  C omp any 

SPEC IAL ASSISTANT 

H .  W .  Wr i ght 
Manager , Int ernat ional Market  Analys i s  
Economics  D ivi s i on 
Texaco , Inc . 
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CONSUME R TASK GROUP 
OF THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
COMM I TTEE ON ENE RGY CONSE RVAT I ON 

CHAI RMAN 

Howard A .  McK in l ey 
Vice  P r e s i dent , New Bu s ine s s  Dev . 
We s t e rn Hem i sphere  P e t ro l eum D iv .  
C ont inental  O i l  C omp any 

ASS I STANT TO THE CHA I RMAN 

R .  G e r a l d  Benne t t  
C o o r d inator , P l ann ing D ep t . 
Cont inent a l  O i l  C omp any 

COCHAI RMAN 

E inar Winding l and 
D i re c t o r  P o l i c i e s  and P r o c e dur es  
O f f i ce  of  P r o curement 
F e de r a l  S upp l y  and P r o c e dure s 
Gene r a l  S e rv i ce s  Admin i s t r a t i on 

SECRE TARY 

V incent M .  Br own 
Exe cu t iv e  D ir e c t o r  
Nat i onal  P e t r o l eum C ounc i l  

* * * * * * 

Dav i d  A .  Crane 
Pre s ident 
Rice Center  for C ommun i ty 

De s i gn & Re s e ar c h  

Patr i ck Grea thou s e  
V i c e  P r e s ident 
Un i t e d  Aut o  Wo rker s 
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